SAILPLANES 




SAILPLANES IN FLICiHT. 
{Flugsport) 


I Frcmiispirci-. 


SAILPLANES 

THEIR DESIGN, 

CONSTRUCTION AND PILOTAGE 

By 

C. H. LATIMER NEEDHAM 

M.Sc. (Eng.) Lond„ F.R.Ae.S. 

Diploma of Engineering, University College, London University ; 
Founder Member and Member of Council, British Gliding Association ; 
Chairman of Technical Committee, British Gliding Association; 
Holder of First C,” Soaring, Pilot’s Certificate in Great Britain ; 
Member of Scientific and Technical Committees of the 
International Commission for Motorless Flight 


With a Foreword by 


THE MASTER OF SEMPILL 

A,F.C., F.R.Ae.S. 




iransferreo to the a.e. sur- library 





LONDON 

CHAPMAN AND HALL, LTD. 
11, HENRIETTA STREET, W.C.2 
1932 


^ PmH-. /f' 

^ /i.(i 


c^G>rc?' 1-^36.-- 




PUBLISHED BY CHAPMAN AND HALL, LTD*, II, HENRIETTA STREET, LONDON, W.C, 
PRINTED IN GREAT BRITAIN BY 

THE LONDON AND NORWICH PRESS, LIMITED, ST. GILES WORKS, NORWICH, 
AND BOUND BY A. W. RAIN AND CO„ LTD., LONDON 



To 

My Brother, 

THE Late 

Lieut. J. W. D. NEEDHAM, R.F.G. 
(48 Squadron), 


KILLED IN ACTION, WHILST FLYING, NOVEMBER, 
1917, WHO FIRST INTRODUCED ME TO THE SCIENCE 
OF AVIATION 




FOREWORD 


By THE MASTER OF SEMPILL, A.F.C., F.R.Ae.S., 

Vice-President, British Gliding Association, Immediate Past 
President, Royal Aeronautical Society, 

The Author of this book was one of the first to become actively 
associated with motorless flying when interest in the move- 
ment was revived in 1929, and was the first Englishman to 
obtain the “ C/' soaring pilot's, certificate. By 1930, at the 
period during which the remax'kable demonstrations were 
being given by the famous Austrian pilot, Herr Kronfeld, 
the Author was not only closely concerned with the whole of 
the practical side of flying gliders and sailplanes, and giving 
instruction to others interested, but also was making experi- 
mental flights with a sailplane that had been constructed to 
his own designs. 

It is desirable that these points should be appreciated 
before the book is perused in order that those who are not 
familiar with the movement may realise that the author is a 
person of authority with a record of solid achievement and 
experience at the back of him. 

Gliding and soaring provide for the first time an oppor- 
tunity for the majority to come into practical contact with 
the design, construction and operation of aircraft. There 
are many who would like to do this but who are not able to, 
in the ordinary circumstances attendant on power flying, due 
to economic considerations. 

Motorless flying opens up an entirely new vista and, apart 
from its scientific value from the point of view of the design 
of aircraft, and for meteorological purpose, it has great 
sporting possibilities. When it is realised that a flight of 
nearly 200 miles in a straight line has been made by a sailplane, 
the potentialities from the sporting aspect may be appreciated. 
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Air transport is destined to play a very great part in the 
future of the whole world and especially of the British Empire, 
interspaced as it is by considerable distances, and anything 
that serves to facilitate aeronautical co-operation from the 
scientific, technical and practical standpoints is well worthy 
of the fullest possible support. 


W. SEMPILL. 



PREFACE 


In presenting this small volume the Author wishes to place 
on record his full appreciation of the help that has been 
rendered, not only to this country but to the whole world, 
by the German gliding organisation and the Rhon-Rossitten 
Gesellschaft in particular. 

Great Britain entered the field of motoiiess flight in 1929, 
after Germany - had persevered for several years and had 
brought the science to a high standard, and, although much 
has already been achieved over here, the position would have 
been very different if we had had to work unaided from the 
commencement. 

We owe our indebtedness to the kindly manner in which 
our people have been received at Wasserkuppe and Rossitten, 
for all the information and data that has been placed at our 
disposal, and for the help and stimulus resulting from the 
visits to this country of Dr. Georgii, Principal of the R.R.G. ; 
Herr Kronfeld, holder of several world's records ; Herr 
Lippisch, Chief of the Technical Department, R.R.G. ; Herr 
Stamer, Director and Chief Instructor of the Wasserkuppe 
Gliding School, and others, all of whom have added to our 
store the fruits of their expert experience in their various 
capacities. 

There is no other book published, certainly not in English, 
dealing with the design and construction of sailplanes, so 
that at present those engaged in the work are bound to fall 
back on aeroplane practice. The exact relation, and difference 
between, power aircraft and gliders are not always clearly 
defined, besides which there are many gaps left unfilled. 

This volume is intended to illustrate to the would-be 
designer, constructor, or pilot of sailplanes the lines along 
which he should work. Sailplanes constitute a special type 
of aeroplane and, in dealing with gliders, the author has 
assumed,- on the part of the reader, a certain knowledge of 
the aeroplane structure and its strength and flight requirements. 



X 


PREFACE 


The part relating to design, Part I, has been kept as simple 
as possible and where methods or formuke, approximate but 
sufficiently accurate for their purpose, are available, these 
have been given instead of intricate and more labor’ous 
methods. Where more exact information is in existence, 
references to such works have been indicated. A good general 
knowledge of mechanics has been assumed for this part. 

The Author wishes to acknowledge his indebtedness to 
Mr. F. J. Sanger, A.C.G.E, D.I.C., B.Sc., for reading of MS., 
checking calculations and for making helpful suggestions ; to 
the Controller of H.M. Stationery Office for permission to 
make use of Air Publication 970, together with R. and M.s 928 
and 1071 ; and to the British Gliding Association, the Royal 
Aeronautical Society and the authors of the Handbook of 
Aeronaulics for the u^e of blocks. Also to Messrs. Smith's 
Instruments, Ltd., Mr. 0 . G. Karlowa, of the Askania Instru- 
ment Co., lierr Oscar Ursinus, Editor of Flugsport, and the 
various glider manufacturing firms for the use of blocks, 
photographs, etc. 

A first book of this character is bound to cause a certain 
amount of criticism, and the Author will be indebted to those 
who kindly draw his attention to any mistakes or omissions. 

Finally, if the publication of this volume helps to advance, 
in some measure, the British gliding movement, then the 
Author’s object will have been achieved. 

C. H. LATIMER NEEDHAM. 

Wendover, 

February, 1932. 
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The Evolution of the Sailplane 

Gliding provided the means of producing powered flight. 
All the earliest attempts at heavier-than-air flight were made 
with motorless craft, beginning with the crude bat-wing type, 
with which stability was retained by movements of the pilot's 
body, and of which those built by Lilienthal were typical. 
Directional and stabilising planes were added by Pilcher, and 
finally the Wright Brothers made the control surfaces movable 
and incorporated warping wings as ailerons. Their machine 
was therefore controlled on precisely the same principles as 
exist in the present-day aeroplane, so that it is not surprising 
that the addition of an engine enabled the first power driven, 
heavier-than-air, flight to be realised. 

At this stage the glider was forsaken, whilst the aeroplane 
was developed, and very little was done with motorless flight 
until the year 1919, although there were still a few far-seeing 
enthusiasts who believed in the future of such flight. 

The limitations imposed on Germany by the Treaty of 
Versailles acted as an impetus for motorless aviation, and in 
this direction their energies were applied. Commencing with 
ordinal y gliders, and by improving performances with better 
aerodynamic design, soaring machines capable of flights of 
considerable duration were soon produced. 

Encouraged by success, design was still further improved, 
with a view to accomplishing distance sailing flights and thus 
the sailplane was gradually developed. 

By this time performances continued to improve, duration 
flights increased and sailing flights extending to first five 
miles, then twelve miles, and again to thirty miles were carried 
out. Hill soaring, in the up-currents caused by the wind's 
deflection, was followed by cloud soaring and storm sailing 
and again by convection soaring, and so the sailplane has 
slowly taken its place among the types of successful aircraft. 

xvii 
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Gliding was then taken up by other countries, and in 
England the British Gliding Association was formed towards 
the end of 1929, which marked the real introduction of motor- 
less flight in this country. Since then many clubs have been 
formed and sailplaning is rapidly becoming a popular form of 
aviation. 

The Value of Gliding, as a Sport and for Research 

As a sport, gliding is unparalleled. It entails a certain 
amount of hard exercise and, since it is carried out in the 
open air, it is clean and healthy. Hills are required for soaring 
flight, and this generally ensures the use of some of our wildest 
and most picturesque country. The absolute silence, undis- 
turbed by the roar of an engine, and free from the smell of 
petrol and oil, makes an appeal not experienced in powered 
flight. 

Also it is an all-the-year sport. An average soaring site 
allows sailing flight to be carried out on at least half the days 
of a year, and the number of occasions on which operations 
have to be entirely suspended are remarkably few. 

Gliding is the finest and most natural method of teaching 
flying. The pupil gains confidence and self-reliance from the 
beginning, as he is the sole occupant of the machine on all 
flights. A start is made with ground slides, followed by short 
flights, gradually extended in height and length, until he is 
capable of soaring. There are no pronounced gaps, com- 
parable with the first solo flight in an aeroplane. Further- 
more he is taught to use his own judgment and skill instead 
of relying on instruments, thus developing the senses of touch, 
feel (air pressure on face, etc.), sight and hearing. No instru- 
ments are used until an advanced stage is reached. 

Sailplanes represent the highest degree of efficiency 
attained in aeronautical design and are in some respects more 
advanced than the best aeroplanes, so that to-day aeroplane 
design is based, to some extent, on sailplane experience. 

Apart from this, gliding provides an effective proving 
ground for new designs and types, and may be used as a 
stepping-stone between the wind tunnel and full-scale flight. 

In Germany models are first fashioned and flown. These 
models have spans of about 8 ft. and are launched in a similar 
manner to gliders. A machine large enough to carry a pilot 
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is then built and, after some gentle gliding flights, if no defects 
are apparent, it is flown as a sailplane. Necessary modifica- 
tions are incorporated at each stage and, if ail goes well, a 
full-scale aeroplane of the same type is constructed. From 
this it is seen that not only are the risks of failure reduced 
to the absolute minimum, but the finished product derives 
the benefits from the various stages through which the design 
has progressed. 

The Safety of Gliding 

The chief dangers with ordinary flying are the results of 
stalling near the ground and the tendency to catch fire after 
a crash. Fire is, of course, out of the question with gliders, 
while the effects of stalling are seldom serious. The sailplane 
pilot learns to keep his craft at the most efficient altitude 
during the whole flight, or he must lose height and perhaps 
terminate his flight. The machine is very often close to the 
stalling point, but this develops familiarity with the phenome- 
non of stalling so that its approach is quickly sensed and the 
stall avoided. 

Nevertheless, stalling conditions are sometimes reached, 
and if the glider is near the ground, a crash is almost inevitable, 
but even so the pilot generally escapes unhurt. Sailplanes, 
when stalled, tend to spin, but flying speed and control can be 
regained after a descent of some few feet. As a rule the wings 
remain nearly horizontal, forming, what is termed, a flat spin, 
and several cases have been known of such spins to earth with 
no damage having been done to the pilot. 

The Future 

The future for motorless flight is full of promise. In the 
earliest days soaring could be carried out only in a strong wind 
from a hill-top. Better machines made possible light-wind 
soaring, and sailing flight along the hillside. Then cloud 
sailing was introduced, which extended the range of flight and 
enabled excursions to be made in directions other than along 
the range of hills. Convection soaring is the most recent 
development, and is as yet in its infancy. Flights may be 
made by this means in any direction independent both of the 
configuration of the land and of the wind direction and 
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strength. Long flights have already been accomplished by 
this method, and these have shown how little we I'eally do 
know of the air currents. 

There is much to be learnt concerning the formation of the 
masses of vertically moving air and where they may be found. 
If these air streams retain their positions more or less con- 
stantly, then the current systems will have to be plotted and, 
again, the air flow at different altitudes is likely to vary to 
some extent, so that a pilot may be able to fly on an almost 
straight course from one place to another by suitably adjusting 
his height. 

The next few years are likely to bring out the full import- 
ance of this source of energy, and it is not without the realms 
of possibility that one day will see the commercial exploitation 
of this form of transport. 

Up to the present aeroplane towing has been used for 
giving the sailplane the necessary initial height, but before 
long some other method of gaining height may be introduced, 
for use with both convection and cloud sailing, so that flights 
may be started from flat country. One solution is offered by 
auto-towing, or towing the sailplane behind a motor-car, 
whilst the possibility of fitting some kind of rocket apparatus 
has received some attention. An advantage of the last 
method is that spare charges could be carried for use '' en 
route '' or in the case of an emergency landing. 

Lastly, there is no reason to suppose that designs have yet 
I'cached finality. In a very short time it should be possible 
to travel by sailplane in any direction, under almost all weather 
conditions, and over hilly or flat couritry alike. 



PART I 

SAILPLANE DESIGN 




CHAPTER I 


Strength Requirements 

Strength Requirements and Factors of Loading — B.G.A. Regulations 
for Airworthiness — R.R.G. Strength Regulations — Comparison of 
British, German and American Methods and Explanations of 
Conditions. 

Strength Requirements and Factors of Loading 

Sailplanes are motorless aeroplanes having similar main 
structures and control systems to those of power-driven air 
craft. The manner of flight is the same, but, owing to the 
absence of engine power, the manoeuvring qualities of sailplanes 
are considerably restricted. 

All aircraft are built to withstand (with a factor of safety — 
generally two) the loads which it may be reasonably expected 
that they shall be called upon to endure ; not the maximum 
load it is possible to subject them to. 

In other words, pilots are permitted to manoeuvre their 
machines in such a way that all requirements, normal to the 
type of ci'aft being flown, can be executed without unduly 
stressing any portion of the structure. 

The worst cases of loading lo which sailplanes are subjected 
occur under the following conditions : 

1. Level flight in high gusty wind, 

2. Pulling sharply out of a steep dive, 

3. Launching, 

4. Cloud flying, and 

5. Spinning. 

Of these conditions, case 2, pulling out of a steep dive, 
could impose such stresses that few, if any, sailplanes would 
come safely through the test. This applies equally to power 
aeroplanes, but, however, such mishandling is never done. 
The forces present during launching resemble fairly closely the 
forces in pulling out from a dive, but are seldom as severe. 

Most sailplanes are fitted with pendulum ” type elevators, 
i.e. without a fixed tailplane, and this has the effect of making 

3 
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them very sensitive and uncomfortable at high speeds which 
in itself is a measure of safety. 

Loading, of twice normal, is likely to be experienced in 
a high gusty wind and up to three times normal in cloud 
flying, owing to the rapid vertical oscillation caused by the 
unstable air conditions. 

Spinning is not done voluntarily, but sometimes occurs as 
the result of a stall, or through the pilot losing his balance 
during flying in clouds. 

The worst case is likely to be that of cloud flying, and if 
the sailplane is designed for this condition it will be strong 
enough to withstand loadings due to cases (i) and (5), and will 
also allow for the pulling out of a reasonably fast dive and for 
a vigorous launch. 

Machines used for auto-towing are not liable to greater 
stresses than in the cases considered, except for local loads 
at the attachment point, unless done at high speed, but sail- 
planes used for towing by aeroplane should be specially designed 
for the higher speed of the towing craft. 


B.G.A. Regulations for Airworthiness 

The following load factors have been laid down by the 
British Gliding Association for employment in all glider 
design : 


Main Planes, 


Tail Planes, 


Rudder. 

Fiiselage. 


Landing Gear, 


Case [a] Centre of pressure forward. Factor 6. 
„ {b) Centre of pressure back. Factor 4. 

,, (c) Nose dive. Factor i. 

,, [d] Inverted Flight. Factor 3. 

,, (a) To be designed to withstand the 

loading imposed in pulling out of 
a dive so that the tailplanc will 
collapse simultaneously with the 
main planes. 

,, {b) Nose dive. Factor i. 

To withstand maximum loading with 
Factor 2. 

Cases {a) and {b) as cases (a) and {b) for tail- 
planes. 

Case (c) Launching. Factor 4. 

Factor 4. 
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Proof of static stability is also necessary and satisfactory 
flight tests must be carried out. 

The Air Ministry Handbook of Strength Calculations, A.P. 
970, is to be followed as far as applicable. 


Rhon Rossitten Gesellschaft Strength Regulations^ 

Wing Group, Case i. Stress corresponding to flight with 

,, most forward position of centre 
of pressure. Factor 6. 

,, 2. Stress corresponding to flight with 
maximum torsional load. Fac- 
tor I, 

,, 3. Stress corresponding to a landing 
(wing weight as load). Factor 
6 - 8 . 


Fuselage Group, ,, i. Stress due to load on empennage. 

Breaking load of empennage is 
breaking load of fuselage. 

,, 2. Stress by landing. Breaking load 
of fuselage to be 6-8 times wing 
weight. 

,, 3. Stressing of wing fuselage con- 
nection by landing on wing-tip. 
Breaking load of no lbs. applied 
at wing-tip in direction of wing 
chord. 

Eupcnnage Group. Itlcvators and rudders. Breaking load 
31 Ibs./sq. ft. 

Aileron Group. Ailerons. Breaking load of 16 Ibs./sq. ft. 


The polar diagrams of the wing and of the complete aircraft 
to be used in the strength calculations. 

Proof of static stability also required. 


Comparison of Methods and Explanation of Conditions 

Main Planes . — Dealing first with the main planes, the fii'st 
cases of both methods are identical and refer to the sudden 
pulling up of the sailplane to the attitude of maximum lift 

^ The Development, Design and Construction of Gliders and Sailplanes, 
Lippiscli, Lecture before ILAc.S., January 29, 1931, R.Ac.S. Journal, 
July, 1931. 
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when flying at high speed. The wings are subjected to 
bending and to forward thrust. 

The second case in the B.G.A. requirements is equivalent to 
that of absolute maximum horizontal speed of an aeroplane with 
engine speed full out. With sailplanes the condition is taken 
as the highest speed the aircraft is likely to attain without 
diving steeply. The definition is somewhat vague, but the 
case may be taken as representing a speed of twice times 
stalling speed. In America the equivalent requirement 
specifies the speed at an angle of glide of i in 6. 

With symmetrical aerofoil sections and sections with 
stationary centres of pressure, the C.P.B. position is reckoned 
as being one-tenth chord back from the C.P.F. or normal 
C.P. position. 

Case (c), the nose dive case, deals with loads imposed during 
the terminal velocity in an almost vertical nose dive, that is 
to say when the aircraft is diving at its optimum angle for high 
speed and has reached the limiting velocity. The weight of 
the machine is assumed to be equal to the total air resistance. 

The method of calculating the tail load for this condition 
is given in A.P. 970, but a formula sufficiently approximate for 
sailplane design is given here. 

Referring to Fig. i, the maximum tail load,^ 

Kr i-^a-^q 

Where Kr—Kd+Kbj 

^ =No lift moment coefficient of aerofoil, 

5^=Slope of Km — Kl curve == —0,25 for most 
monoplane aerofoils. 

^c==Arm of resultant drag (including wing drag) 
about C.G. 

c = Average chord of main plane. 

Having determined the figure for the tail load, the forces 
on the main plane can be found. 

Actually the terminal velocity is seldom reached with 
power aeroplanes and in fact a height of several thousand feet 
is required for obtaining such speed. With sailplanes it can 
safely be said that terminal velocity is never reached. The 

1 See Air Ministry publication, A.D.4., Memo. 65. 
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highest speed ever attained in diving has most probably been 
gained as a result of a loss of balance in cloud flying. 


A ^ Assumed Direction 

of Air Flow 



Ic ^ 


Fig. I. — Maximum Tail Load in Nose Dive. 

In both cases (6) and [c) torsion loads are caused in the 
main planes. 

The German method includes, instead of the last two cases, 
case 2, which covers flight with the maximum torsional load. 
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This occurs during a dive at high speed when the angle of 
incidence is at, or close to, the zero lift position. 

The polar for the wing section, for the aspect ratio adopted, 
is set out by plotting Kl against Kd, and on the same diagram 
the moment coefficient. Km, is plotted with Kl as ordinates. 
(See Fig. 2 .) 

The intersection of the two curves determines the con- 
ditions for maximum torsion, and 
the values of Kni and Kd can be 
read off. 

The torsion moment is obtained 
from the formula : 

M==Km.^.A.V^ 

The velocity at which this occurs, 
may be found by assuming the total 
resistance as equal to the weight, 
whence 

/),A.Kr. 

The coefficient of total resistance, 
Kr=Kl+Kb, as before, and, un- 
less the drag of the fuselage and tail, 
Kb, is known, from wind tunnel 

,, rv f tests, a value between 0.005 and 

I'lG. 2. — Con(iiUon.s lor t i 

Maximum Torsion. o.oi, according to the aerodynamical 

shape, may be used. 

There is no inverted flight case under the R.R.G. Regula- 
tions, but there is instead, the case of landing with the 
wing weight as load, for which a factor of between 
6 and 8 is allowed. In America the inverted flight case is 
used with factor 2.5, the factors for C.P.F. and C.P.B. being 
6 and 4.25 respectively. 

Tail Plane and Elevator 

The tail plane loads obtained by the B.G.A. and R.R.G. 
methods vary considerably, that obtained by the latter method 
being, generally, the more severe. The distribution of these 
loads over the tail plane is more complex in the British method, 
however, so that the nett effects are comparable. 
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Fig. 3 shows the pressure distribution over the tail planes, 
as laid down by the R.R.G. (a) is for pendulum '' type 
elevators where there is no fixed tail planes, and (6) is for tail 
plane and elevator. 



Fig. 3. — Tail Load Distribution, R.R.G. 

It will be noticed that with the “ pendulum '' type it is 
assumed that there is no torsion effect on the main spar, 
provided that the axis 
of rotation is placed at 
one-third chord from 
the leading edge, as is 
usual in such cases. 

In the terminal nose 
dive, used in the British 
system, it is assumed, 
from test results, that 
the tail load acts down- 
wards at the leading 
edge, giving a load dis- 
tribution as shown in 
Fig. 4. This places a 
heavy down load on the 
front of the tail and an 

upward load on the rear, so that the total load 



Fig. 


-Tail-luad Distribution in 
Nose-dive Case. 


p =p,-p, 

P =P I 

1(I-E)(2-E)+I 

'inda- (^-E)(2-E) 
and (2 -E)+i 


where the chord = unity, and E 


elevator chord 
total chord. 
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This applies to the case of a fixed tail plane with hinged 
elevators attached. For pendulum '' elevators, of sym- 
metrical section, it should be safe to use a triangular loading 
distribution, decreasing to zero at the trailing edge. 

When the rear spar load for the nose dive condition is 
only slight, it should be designed for an up-load in normal 
flight. A suitable value for this may be taken as 5 Ibs./sq. ft., 
with the C.P. at 0.5 chord, and a rectangular loading curve. 

There are instances in which the terminal dive load on the 
tail plane is only slight, in which case some other criterion of 
strength is necessary. 

In this case the highest loads are likely to occur in a sudden 
puU out from a fast dive, and as the main planes are designed 
so that they will stand up to a loading of only N times normal, 
where N is the factor employed, there is no need to make the 
tail plane, and fuselage, stronger than this. 

Suppose the sailplane is pulled out of a dive and immediately 
changes to the C.P.F. position, such that the main planes are 
at breaking point, then the speed at which this occurs is 

V=Vs ^6 or 2.45 Vs in ft./sec. 

Hence the tail load will be KL.pA.V.2=.ooi2 A(2.45 Vs)^ 
assuming a value of 0.5 for Kl, and the tail plane should be 
designed for this. 

Rudder 

The rudder loading is much more severe in the German 
method. The British formula is ; 

Side load in lbs. = . 0012 A(i .4 Vs)^, multiplied by a factor 2. 
where A = area, 

and Vs=stalling speed of aircraft in ft./sec. 

Since most sailplanes stall at about 40 ft./sec., the average 
load per sq. ft. = 7I lbs. approximately. A triangular loading 
curve is assumed. 

The German figure is 30 Ibs./sq. ft., but this may be on 
account of the interchangeability between elevator and 
rudder often allowed for. 

Fuselage and Landing Gear 

The fuselage is subjected to the loads transmitted from the 
tail planes, subject to a reduction due to inertia effects, but 
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as this is difficult to determine, it is neglected and the full 
tail plane loads are therefore used. 

In the landing case the wing weight is considered as the 
load and as acting through the point of contact of the main 
skid with the ground. Small loads are sometimes transmitted 
through the tail skid, both in landing and in taking-off, but 
these are not likely to be great and can be neglected except 
for consideration of the tail skid itself. 

It will be noticed that the R.R.G. regulations include a 
case to take wing tip landing into account. Landings are 

Sudden puU out of dive. 


C.P.F.oc- Maximum ( i5°} 



Fig. 5. — Conditions of Loading for Main Planes. 


sometimes made so that a wing tip touches the ground, and in 
some cases the wing tip touches first so that the machine is 
swung into wind with the wing tip as pivot. 

Ailerons 

The British method assumes a load under C.P.B. conditions 
in proportion to the aileron chord relative to the main plane 
chord. This load is then considered to have a triangular 
distribution, the load vanishing at the trailing edge and 
having a C.P. position at one-third chord from the front. 

The R.R.G. takes a loading of 16 Ibs./sq. ft. 

In all control surfaces the torsion induced must be taken 
account of. 

The American requirements for control surface loads are : 
tail plane and elevators, 12 Ibs./sq. ft., with rudder and ailerons, 
g Ibs./sq. ft., which agree fairly well with the British figures. 
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Control System Loads 

Suitable loads for the control system may be taken as 
follows : 

Push, or pull, on top of the control column, of 75 lbs. 

Side load on top of the control column, of 40 lbs. 

Tangential force on rim of the hand wheel, of 40 lbs. 

Push on one side of rudder bar, of 150 lbs. 

Simultaneous push on each side of rudder bar, of 180 lbs. 

A factor of i .25 should be present in all cases. 

These loads are intended for the maximum forces the 
pilot should reasonably be called upon to exert in an emergency. 
A sailplane needing such loads for controlling purposes would 
be considered decidedly heavy on controls and would be most 
unpleasant to fly. 

Fig. 5 indicates approximately the attitudes of a machine 
under the different conditions considered and shows the 
movement of the centre of pressure over the main planes. 

The British Gliding Association Regulations for Auto- 
towing and Aero-towing are given in Appendices IV and V. 



CHAPTER II 


General Lay-out for Design, and Weights 

Monoplane or Biplane? — ^Weights of Main Units — The Choice of an 
Aerofoil — The Plan Form of the Main Plane — Braced or Canti- 
lever ? — Oscillation of Wings — Position of Struts — ^Fuselage 
Shape— Size of Control Surfaces — Centi'e of Gravity (C.G.) and 
Wing Position — Angle of Incidence — General AiTangenient Views 
of Sailplane — Performance. 

It is a little difficult to say which is the first item for con- 
sideration in an entirely new design. Generally the designer 
has a few ideas in his own mind of the main features of the 
sailplane he intends to produce, or alternatively he is supplied 
with certain specified requirements and has to build up his 
design round these. 

Most probably a rough estimate of the size and weight, 
and perhaps the wing section, he intends using are already 
determined before any paper work is commenced. Most sail- 
planes built to date have been monoplanes, and consequently 
this type will receive chief consideration throughout this book. 

Monoplane or Biplane ? 

The question of employing one or two main planes for the 
design of sailplanes is not so acute as with power aircraft, 
and in fact very few biplane sailplanes have been constructed. 

Structurally the biplane suffers from a great disadvantage 
owing to the small height of sailplane bodies. On account of 
this fact, almost all monoplane wings are fitted at the top of 
the fuselage, or above the fuselage with a connecting neck, 
which means that if a reasonable gap between the planes of 
a biplane is to be obtained, the upper wing must be supported, 
by means of struts, well above the body. 

Apart from this the effect of superposing the main planes is 
to cause detrimental changes in the aerodynamical qualities 
which are specially marked with wings of large span. The 
biplane combination suffers from a loss in maximum lift of 

X3 
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about 10% with a similar, or larger, increase in minimum 
drag, and a reduction in maximum L/D, amounting to as 
much as 25 %. 

Some improvement on these figures could be effected by 
employing a combination having wings of unequal span and 
area, known as a sesquiplane. The best such arrangement, 
for a sailplane, would appear to be one in which the smaller 
plane is on top, in order to keep the attachment struts and 
fittings as small and light as possible. 

Such an arrangement, in comparison with a monoplane, 
would allow of a lighter structure, a smaller span, and would 
possibly facilitate folding for transport purposes besides being 
less liable to stall, but against this must be placed the greater 
cost of production and repair, and the greater difficulty in, 
and time required for, erection and dismantling that would 
probably be entailed. 

At the present stage of sailplane development the mono- 
plane seems to offer the most efficient solution. 

Weights of Main Units 

The weight of each component unit is calculated or based 
on experience of previous machines, these units being the 
wings, fuselage, tail, (and pilot) . 

The earlier sailplanes were built with maximum lightness 
as the factor of foremost importance. To-day, however, 
conditions of flight are more severe, machines are put to much 
greater use, and they are being continually handled, dismantled 
and erected. 

This has led to the employment of higher factors of loading, 
added to which robustness has become a feature of importance. 

Wing weight varies from about 0.9 to 1.2 Ibs./sq. ft., and 
as the area of most sailplane wings is in the neighbourhood of 
200 sq. ft., this gives the wing weight as between 180 and 240 
lbs., or an average of 210 lbs. Wings built to the smallest 
figure given have generally experienced fairly high deflections 
at the wing tips when in flight. A more accurate formula, 
deduced by Dr. Lachmann, gives the weight as W=wAH-sy^, 
where 5 =lialf span in ft. 

^=0.78 Ibs./sq. ft., and 
^=305 cu. ft./Ib, for cantilever, or 
=560 cu. ft./lb. for braced monoplane. 
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Thus if a span of, say, 54 ft. were employed with an area of 
200 sq. ft., as before, we get 

W cantilever =0.78 x 200+^7^/305—^2 ^- 5 lbs. 

and W braced =191 lbs. 

These figures agree quite well with those shown above. 

From this it is seen that the weight saved by adopting a 
braced wing is about 30 lbs. 

The weight of the fuselage varies approximately in propor- 
tion to the length, good average figures being 5^^- to 6 lbs. per 
foot length. The fuselage length in turn varies according to 
the main plane span and is generally from 35% to 45%, or 
an average of 40% of the span. Thus for the main planes 
considered, the fuselage would have a length of about 21.5 ft., 
weighing 125 lbs. These figures refer to the monocoque type 
fuselage and could be nearly halved for a fabric-covered body, 
though the latter type is very seldom used. 

Sailplane fuselages have a smaller ratio of length to the 
span than is general with power machines. Further shortening 
decreases the moment of inertia, which is beneficial for 
manoeuvring purposes, but tends to cause undue sensitiveness 
of the elevator controls. 

With short fuselages larger tail and rudder surfaces are 
required, besides which the control surfaces are brought closer 
into the disturbed air region behind the wing, and they are, 
moreover, blanked to a greater extent by the fuselage, due to 
its smaller thickness ratio. 

The weight of the complete tail unit should be about 15 or 
20 lbs. 

An empirical formula for finding the combined weight of 
fuselage and tail unit, again due to Dr. Lachmann, is 

W=/es, where /e=4.4 Ibs./ft. and half span, as before. 

This gives a weight of 4.4 x 27 =120 lbs., say. 

The pilot's weight is usually taken as 150 or 160 lbs. unless, 
the machine is being specially designed for a particular pilot. 

The weights roughly adduced are then as follows : 

Wings. .. .. .. .. 220 lbs. (cantilever). 

Fuselage .. .. .. 115 ,, 

Tail unit 15 „ 

Pilot 150 ,, 


Total . . 500 
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This gives, for a main plane area of 200 sq. ft., a wing 
loading of 2 . 5 lbs,/sq. ft. 

An analysis of the most successful sailplanes shows that 
wing loadings vary between 2.1 and 2.8 Ibs./sq. ft. 

When a design is completed, or, better still, as each 
component is worked out, the weights should be calculated 
by finding the areas and volumes of all main members, and 
checked up with the original estimates. 

The wing section to be employed may now be considered. 

THE CHOICE OF AN AEROFOIL 

The number of known aerofoil sections that have been 
tested in wind tunnels, and of which full particulars are 
available in published form, runs into several hundreds, and the 
designer is faced with the problem of choosing the apparently 
most efficient. 

This, at first, seems a stupendous task, but if a clear idea 
is held of the essential characteristics, all but perhaps a dozen 
quickly become eliminated and a careful selection from the 
remainder can then be made. 

Aerofoil Characteristics 

The desirable qualities for sailplane work are : 

1. Good Depth of Section. — Since all machines of this type, 
at present in existence, are either pure cantilever, or semi- 
cantilever, of very considerable span, deep spars are required 
to withstand the consequent large bending moments, besides 
which rigidity in torsion also calls for a wing of thick section. 
These first factors at once cut down the range of suitable 
sections to within reasonable limits. 

2. High Maximum Coefficient of Lift (Kl Max.). — This is 
important as it permits quick take-offs, slow landings and a 
slow flying speed, and is also necessary for gaining the greatest 
altitude from gusts. For equal areas the wing with the highest 
lift coefficient possesses the lowest minimum speed and hence 
the slowest landing speed. This is perhaps the most important 
factor. 

3. High Maximum Lift/ Drag Ratio (L/D Max.). — This also 
is a most valuable feature and gives a very good indication of 
the efficiency of an aerofoil. Obviously good lifting qualities 
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are required, but unless the drag is reasonably low, the section 
will be inefficient, and this ratio is a measure of these com- 
bined qualities. 

4. High'' Power Factor '' is impor- 

tant with power machines since the amount of power required 
to pull an aeroplane through the air is equal to the product of 
resistance and velocity. Resistance of a machine, of fixed 
weight and wing area, is inversely proportional to L/D and 
proportional to V-, whilst velocity varies (inversely) as the 

square root of so that power varies inversely as 

In other words a high figure for this ratio permits small engine 
power to be used. 

In the case of the sailplane, gliding on a downward path in 
still air, the component of weight due to gravity which acts in 
the direction of flight supplies the necessary power for forward 
motion and the smaller this can be made the finer is the gliding 
angle. It naturally follows that in a rising current of air 
a high “ power factor will enable a good climbing angle to 
be maintained. 

5. Small Centre of Pressure Movement .' — It is important 
that the wing section employed should have a small movement 
of the centre of pressure between the positions of maximum 
and minimum angles of attack, since a small total movement 
enables a lighter structure to be employed owing to the loading 
on each structural member remaining nearly constant. In 
other words, if the C.P. remains stationary, the full strength 
of all components is utilised continuously, thereby reducing 
the amount of material to a minimum. 

6. Loio Profile Drag . — According to the ''induced drag'' 
theory the drag of an aerofoil consists of two parts, these being 
the profile drag (Kdp) and the induced drag (Kjji). The 
former depends only on the cross sectional shape of the aerofoil, 
and can be considered as the basic drag of a section, whereas 
the latter is dependent only on the aspect ratio of the whole 
wing. From this it is seen that an aerofoil should be chosen for 
its low profile drag. 

Curves for Kdi^ should be prepared for the various wing 
sections under consideration and taken into account when 
weighing up their respective merits. Fig. 6 shows this done 
c 
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for three aerofoil sections. A section having low values of 
Kdp over a large range of incidence should be chosen, and since 
high angles of incidence are made use of to a large extent in 
sailing flight, low drag at such angles is desirable. 



The superiority of Gottingen 535, in this respect, will be 
noticed. 

It is now possible to make a cursory examination of the 
curves of aerodynamic properties of all available aerofoil 
sections and to prepare a list of the most promising. These 
should receive more careful attention and it is as well to draw 
up the list, together with the chief aerodynamic features, in 
tabular form. This has been done below, Table I, for 
a number of suitable sections. (See Appendix II for par- 
ticulars of wing sections.) 

Table i 

Aerofoil Characteristics 


Aerofoil. 

Depth 
% Chord. 

Kl 

max. 

L'j) 

max. 

max. 

C.P. Movement. 

K.A.E. 30 

I2.C>4 

• 575 * 

20^ 

9.82 

Stationary. 

R.A.F. 34 

12.64 

• 5 i 

20. 1 

10.3 

Almost stationary. 

Gottingen 387 

15.11 

.67 

1S.6 

9.4 

Large. 

>1 4-6 

13*6 

•65 

19-5 

10.5 

Large. 

M 535 

16.05 

.78 

17 

9.2 

Large. 

M 549 

13*85 

*665 

21 

9.8 

Large. 

Clark Y.H. 

II. 7 

,65 

20 

10.3 

Small. 


1 Corrected for scale effect. - Uncorrccted. 
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All figures for this table can be readily estimated from the 

V / 

characteristic curves with the exception of K , and 

this must be calculated over a range of angles of incidence. 

Fig. 7 shows the '' power '' factor plotted against lift- 
coefficient for the sections tabulated, from which it will be 
noticed that some sections have a sharp peak, whilst others 
are fairly flat. The flat peaks denote good values of the 
factor over a large range of angles, a feature of importance. 



Some Eiffel sections appear attractive and may give good 
results, although, since test results available were obtained under 
favourable conditions, they may give misleading values. 

Gottingen 535 has been used for about 50 per cent, of the 
successful German machines and is certainly a good general 
purpose section. 

THE PLAN FORM OF THE MAIN PLANE 

The shape of the wing in plan is of far greater importance 
in sailplanes than in any other form of aeroplane. A com- 
paratively inefficient aeroplane can be given a reasonable per- 
formance by adding greater engine power, but no such measure 
can be adopted with sailplanes, which depend solely on aero- 
dynamic efficiency for good soaring flight. Therefore, since 
the main plane constitutes the chief feature, aerodynamically, 
of the machine it is essential that it should receive very careful 
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consideration. A good aerofoil section is not sufficient, alone, 
to ensure the success of a machine, and in order to obtain the 
best result the plan form should be so arranged to secure the 
highest degree of efficiency compatible with a reasonable 
weight of structure. 

Aspect Ratio 

The chief variation in form affecting efficient design is the 
ratio of the span to the chord, or mean chord in the case of 
tapering wings. This factor, known as aspect I'atio, is generally 
expressed as A=SVA, where S is the span and A the main 
plane area. For rectangular wings the expression becomes 
S/C, where C represents the chord. 

An aspect ratio of about 6 is generally considered sufficient 
in power machines, but ratios exceeding 20 are not unknown 
in sailplanes, whilst a good average figure is about 15. Increase 
in aspect ratio is accompanied by slight increase in lift values, 
approximately 2% for each unit increase in ratio, and drag 
also decreases, so that considerable changes in the value of 
L/D result. 

This is particularly noticeable in the maximum L/D ratio, 
which increases by about 8%, of its value for a ratio of 6, for 
each unit increase in aspect ratio. 

For example, the employment of a ratio of 16 raises the 
maximum value of L/D by about 80%, or very nearly double 
the figure for the aspect ratio of 6. 

If there were no other factors to consider, it is certain that 
very large aspect ratios would be used, but the span is re- 
stricted by spar depth and weight considerations, besides 
which, if larger spans are developed than are at present in 
use,^ some difficulty would be experienced during landings in 
confined spaces. ^ 

Tapered Wings 

Wings tapered in plan have a slight aerodynamic advantage 
over rectangular wings of equivalent aspect ratio, this being 
most noticeable at high speeds, but tapered wings also possess 

^ The span of Kronfeld’s latest sailplane, the Austria," is 100 ft. 

* One important feature of -V' - ease with which the machines 
are landed, almost regardless ( , in small fields and restricted 

areas. 
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a big structural advantage owing to the increasing chord 
towards the roots being accompanied by increasing thickness, 
so that the greatest depth of spar occurs where the bending 
moment is largest. 

The weight of well tapered wings is only about 50 to 60% 
that of rectangular wings of equal span and area. Wings of 
medium taper would, of course, have a value of between 60 
and 100% depending upon the amount of taper. 

The parallel chord machine also suffers badly on lateral 
control, making for heavy control, and increasing the tendency 
to stall of the inside wing tip during a turn. 

The tapered wing, by having the weight concentrated to- 
wards the centre, requires less effort to turn, as the inertia 
forces are smaller. 

The ideal plan shape for a wing is elliptical, but the manu- 
facture of planes in the form of an ellipse is rather complicated 
and in consequence is not very general, although a number 
of machines have employed very close approximations to this 
shape. 

Since leading edges are, almost without exception, covered 
with plywood for torsional rigidity, the problem of attaching 
the ply to the edges of an aerofoil, curved in plan, is by no means 
easy and for this reason the leading edge is seldom other than 
straight. The trailing edge, however, lends itself more readily 
for this purpose and, moreover, an improvement in the aileron 
qualities can be effected by increasing the aileron chord at 
its mid-span, so that the trailing edge is often curved to some 
extent over this portion. 

Some slight advantage is gained by curving the wing-tips, 
and a straight taper with well rounded tips approximates very 
closely, in aerodynamic efficiency, to the full ellipse and is, of 
course, much simpler to construct. 

The amount of taper for best results should be such that 
the wing-tip chord is about half that at the centre, although 
the ratio may be varied between a quarter and two-thirds 
without appreciable loss of efficiency. 

Structural properties are also improved by a large amount 
of taper, so that a ratio of 4 to i is very suitable. Several 
sailplanes have been built with wing-tips running almost to 
a point, but wind tunnel tests have shown that this is inferior 
to a moderate taper. 
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The effect of aspect ratio on sinking speed has been shown 
diagrammaticaUy by Herr Lippisch/ Fig. 8. 

The curve of minimum sinking speed for the various spans 
has been added. 

The approximate sinking speed of a normal type sailplane 
of 200 sq. ft. area and 55 ft. span is seen to be 2 .55 ft./sec. 

This is, of course, an aspect ratio of ( 55 ) y^oo 



The diagram indicates that if the span is kept at 55 ft 
the lowest sinking speed attainable is 2.5 ft./sec., with the area 
increased to 250 sq. ft., or a gain of only 0.05 ft./sec., 2%, for 
an increase in area of 25%. 

Alternatively, if the area remains constant an increase in 
span to 60 ft. decreases the sinking speed by o.i ft./sec. The 
aspect ratio would now be 

29. 1931, by Herr A. Lippisch, R.Ae.S. 
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Wash-in and Wash-out 

The airflow over the top of an aerofoil tends to flow inwards, 
i.e. from the tips towards the centre, on account of the negative 
pressure, and, similarly, the streamlines below the wing tend 
to converge, due to the increased pressure, as shown in Fig. g, 
with the result that the effective chord increases towards the 
wing tips. The result of this 
is that the effective angle of 
attack is reduced, and this 
can be overcome by slightly 
twisting the aerofoil so that 
the angle of incidence is in- 
creased at the tips. At the 
same time it will be seen that 
a decreased effective angle of 
attack at the tips will delay 
stalling over those parts of 
the wings, thereby improving 
the efficiency of aileron con- 
trol at slow speed, so that 
the value of wash-in is 
doubtful. 

Wash-out, on the other 
hand, improves lateral stab- 
ility, but this is not difficult 
to obtain in sailplanes and, as 
wash-out is accompanied by loss of efficiency, its value appears 
negligible. 

Incidentally, the diagram, Fig. 9, explains the formation 
of the trailing vortices. The air from above and below the 
aerofoil meets at the trailing edge, but with inward and out- 
ward components, which impart a spinning motion to the air. 

Braced or Cantilever Wings ? 

It has been seen that a saving in weight can be effected 
by employing braced wings instead of pure cantilever con- 
struction. This weight saving is due to the fact that the 
bending loads and torsional stresses do not reach as high a 
figure with the former type, which means that shallower wing 
sections can be used with consequent lessening of drag. 



l"iG. 9. — Dia,gnim illusiraLin^^ Airflow 
over and under Aerofod. 
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The decreases in both weight and drag would allow of 
smaller main plane areas with consequent increased efficiency, 
but, however, these advantages are compensated for by the 
extra drag of the bracing struts. 

On these considerations alone there is little to choose 
between the two types, though if anything the pure cantilever 
would appear slightly more advantageous. 

A braced wing appears, and, in fact, is, more rigid and thereby 
gives a bigger feeling of security and confidence to the pilot 
during flight, apart from which it is better able to withstand 
the twisting effect of side-wind landings, which have been 
known to wrench the wing from the fuselage. 

Against this must be set the fact that the greater flexibility 
of the unbraced wing gives better stability in flight, and owing 
to the ability to ride over gusts, instead of passing through, 
there is a gain in aerodynamic efficiency. In other words, 
the wings of a cantilever sailplane oscillate with the gustiness 
of the wind, and thus extract power from any unevenness in 
the wind structure. 

All things considered, there is little to choose between braced 
and unbraced, so that it is largely a matter of individual taste. 


Oscillation of Wings 

The natural frequency of a wing’s oscillation can be 
determined by holding the wing tip and imparting an up and 
down motion, by exerting a continuous series of small pushes, 

noting at the same time, by means of 
a stop watch, the number of wing 
/I flexes during one minute. 

- For safety the figure should not 

be less than 120 complete oscillations 
Fig. to.— Wing Oscillation, per minute, an empirical figure ob- 
tained by experiment. In flight such 
oscillations would be damped to some extent, owing to the air 
loads on the wings, so that the figure would be somewhere in 
the neighbourhood of 80 per minute. 

The explanation of the danger caused by slow oscillation is 
as follows : — Suppose a wing is descending, after meeting a 
gust, the relative air flow will change from the forward direction, 
A to B, Fig. 10, so that the effective incidence is increased 
with an accompanying increase in lift, whilst the C.P. moves 
forward over the wing. 
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The extra lift obtained causes the wing to rise, which is 
aggravated at the same time by the C.P. movement, and the 
pilot tries to counteract this by means of the elevators. 

As the wing rises the effective incidence again falls off, the 
relative air flow now being at C in the Figure, with a loss of 
lift, whilst the C.P. moves back once more, tending to still 
further decrease the incidence, and again the pilot tries to 
correct by raising the elevators. 

Now, if the oscillation of the wing is sufficiently slow for 
the pilot to keep '' in step with the elevator movements, 
it is easily possible for the pilot to aggravate the wing flexion 
to such an extent that the wings finally break off. 

With an oscillation of high frequency the effect on the 
attitude and course of the machine is not so pronounced 
and is, moreover, too quick for the pilot to respond with the 
elevator controls. 

It is difficult to lay down a suitable criterion for the best 
amount of deflection that should be present in a sailplane wing, 
but a figure of about i ft. in a span of 50 to 60 ft., from the 
up to the down position, appears fairly reasonable. • 

It is inevitable that there should be considerable flexing 
with cantilever wings of large span and the flight of such a 
machine often appears somewhat alarming to an observer, 
but it should be remembered that a deflection of 6" in a semi- 
span of 30 ft. would be roughly equivalent to one of I-" with 
a 15 ft. semi-span, which latter would not cause any alarm. 

The frequency of oscillation with most successful sailplanes 
varies between 150 and 200 per minute. 

Position of Struts 

The ideal point of support for an untapered wing, or other 
structure, is two-thirds of the distance out from the root 
support. Any tapering of the wing causes the loading to 
decrease towards the tip with a consequent move inwards for 
the best strut position. 

With a normal taper, as generally used in sailplanes, a strut 
position of about half the semi-span, or even less, would be 
right. 

There are, however, other factors which bear upon this 
point. They are : 

(a) The weight of struts increases out of proportion to their 
length. 
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{b) The increase in drag is somewhat greater as the strut 
length is increased. 

(c) The difference in height between the two ends of the 
strut is fixed by the wing position relative to the ground. 
This means that as the strut attachment to the main planes is 
moved outwards the angle between the strut and wing 
decreases, with a consequent increase in the end load induced 
in the main spar. Below an angle of about 50° this increase 
becomes rapid. 

{d) The main plane is generally divided into three portions 
for transport purposes. It is undesirable for the strut attach- 
ments to be outside the main 
plane joint, so that a strut 
position just inside the wing 
connection fittings is indi- 
cated. 

With a wing divided 
into approximately equal 
sections the strut attach- 
ment is then fixed as one- 
third of the semi-span from 
the root and this has proved 
to be a suitable position. 



Landing Attitude of Power Graft. 

Fig, II. 



Sailplane with Up-curved Axis. 
Fig. 12. 


Fuselage Shape 

The fuselage should be above all things of good streamline 
shape, apart from which it has to house the pilot, support the 
main wing and tail unit, and to have a base that conforms 
well with the skid arrangement. 

The main skid should be kept as close to the body as 
possible, to keep air resistance to a minimum, and should also 
allow a good take-off and landing angle for the main plane. The 
best angle of attack for landing and taking-off is the angle at 
which the coefficient of lift is a maximum, as this permits the 
lowest landing speed and the quickest take-off. 

It is very difficult to incorporate all these features in a 
sailplane and some compromise is necessary. The most 
efficient angle for attaching the wing to the fuselage is a little 
coarser than the angle of maximum L/D, for the wing alone, 
or usually about 3 or 4° incidence. This is obvious since the 
fuselage increases the total drag, to compensate for which the 
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wing must be set at a slightly greater angle and so obtain a 
higher lift coefficient. 

This position must be adhered to for highest efficiency in 
flight, whilst for landing the angle of attack should be in the 
neighbourhood of maximum Kl> for the section employed 
(generally about 15"^). In the case of power machines this 
presents little difficulty since the increase in the angle of 
attack can be obtained by means of the height of the under- 
carriage. (See Fig. ii.) This height is generally necessary in 
any case to protect the propeller against damage through 
contact with the ground. 



Ain Flow past Aerofoil. 



Alp Flow past Fuselage 

I'lG. 13. 


The only possible methods of obtaining so large a landing 
angle on sailplanes, apart from using a completely adjustable 
wing, are by [a] employing a very deep skid. An impracticable 
method resulting in loss in flying efficiency ; [h) increasing 

the fixed angle of incidence of the wing to the fuselage and 
thus lose heavily on performance in the air, or (c) bowing the 
fuselage so that the tail is turned upwards. (See Fig. 12.) This 
is really a special case of (6), as the mean fuselage axis has an 
increased angle with the main plane, besides which the body 
cannot be made as clean a streamline shape. Apart from all 
this there is a good reason why the fuselage should curve 
downwards towards the tail. 

Reference to Fig. 13 will show an aerofoil section assumed 
set at the best position for L/D for the whole machine and 
below it is a suggested fuselage shape in a horizontal position 
but dropped clear of the influence of the wing. The streamline 
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airflow for both is indicated with series of lines, and it will be 
noticed that, if the two were brought close together, inter- 
ference would take place, so that to avoid this the fuselage 
should be shaped to conform with the lines of flow round the 
wing. Fig. 14 shows the ideal combination. 

From what has been said it is clear that either air or 


'' ground '' performance must be sacrificed, and, providing 
a reasonable amount of safety can be provided for, the 

ground ” efficiency may 
be lowered to obtain good 
air performance. 

This means that higher 
speeds with stronger pulls 
Fuselage Shape to conform with are required for launching 

Aerofoil Ain Flow. and greater landing speeds 

"" become necessary. It 

should, however, be re- 
membered that in an 
emergency landing in a 
small space or field the 




Sailplane Landing at Lowest Speed 
for Restricted Area. 

Fig. 15. 


lowest possible landing 
speed for the wing area 
used is still available if the 


nose of the machine is held up, as in a three point landing,'' 
on normal power craft. (See Fig. 15.) The actual contact will 
be a little heavy, but not dangerous. Also landing speed may 
be decelerated by running the main skid along the ground, if 
reasonably flat. 

Minimum flying speeds of sailplanes are generally in the 
region of 25 to 30 miles per hour and normal running-skid 
landings can be made at up to 35 or 40 miles per hour, which 
is still quite a low figure. The quick pull-up owing to friction 
between skid and ground largely overcomes the disadvantage 
of not being able to utilize the best landing angle for the main 
plane. 

A very important point that should be borne in mind when 
designing the fuselage is the protection of the pilot in the event 
of the machine overturning on landing or in a crash. If the 
pilot's head protrudes above the fuselage and wing, the results 
of an otherwise minor accident may be very serious, and, 
unless the wing is situated well above the pilot, it is advisable 
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to build a very strong fairing that will take the load of the 
machine in an inverted position. 

Cross Section of Fuselage 

The cross section of the fuselage should be of just sufficient 
size to house the pilot with a reasonable amount of comfort, 
and be so shaped to allow suitable attachment for the main 
plane above and the skid underneath. 

The section most favoured is an oval shape. Fig. 16 (a). 
This shape reduces resistance to the absolute minimum and 



Fig. 16. — Sailplane Fuselage Shapes. 


is in consequence the most efficient, but is rather expensive 
to produce. Cheaper construction is possible with square 
section, and in this case some reduction of drag is possible by 
making the base of less width than the top. Fig. i6 {b). 

A method considerably used is shown at (c). This con- 
struction employs six longerons placed hexagonally and is 
fairly easy to produce, provides simple attachment for both 
skid and main plane, and supplies a fairing for the pilot's head. 
This section is mainly utilized with strut-braced wings. 

It has been found advantageous in practice to place the 
main plane well above the fuselage so as to keep the wing 
quite clear of the interrupted flow of air caused by the pilot's 
head. This is usually allowed for by constructing a '' neck " 
between the fuselage and wing, as shown in Fig. i6 (6), the 
'' neck " acting also as a fairing to the pilot's head. 

This neck " is made as an integral part of the body and 
should be amply strong as the main plane attachment fittings 
are fixed at this point. 

Many sailplanes have the wing attached directly on to 
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the fuselage so that the pilot's head is just in front of the 
leading edge, and in some instances the leading edge at this 
point is cut away to accommodate the head. This not only 
upsets the air flow over the wing immediately behind, but its 
influence extends outwards for some distance, thereby reducing 
considerably the efficiency of the main portion of the wing. 

Attempts have been made to cover the whole of the pilot 
either with a plywood fairing over the top, fitted with apertures, 
or with a celluloid fairing, but this has not so far met with 
universal approval owing to the loss of “ feel " of the ait 
pressure over the pilot's face. 

The feel due to air pressure on the face is very important 
in gliding flight, both for forward speed and for turning, and 
only very experienced pilots can fly a sailplane with safety in 
an enclosed cockpit. 

Provision should be made either in the fuselage or on top 
of the front portion for the housing of instruments, it being 
usual to carry height and speed indicators, a compass, and 
a rise and fall " meter. 

Below are appended some notes on the shape of streamline 
bodies. 

CONCLUSIONS OF REPORT ON EXPERIMENTS ON 
STREAMLINE BODIES.^ 

1. The shape of head is of more importance than the tail. 

2. A good head is one which has a small average curvature and 
emerges very gradually into the parallel portion. A bluff 
nose is not disadvantageous so long as the curvature of the 
remainder of the head is well designed. 

3. The information about tails is less definite. For a given 
length of curved portion a pointed tip and greater average 
curvature in the forward part seem preferable to a blunt 
tip and a less average curvature. 

4. The better the head, the greater the difference due to 
changes in the tail. 

Size of Control Surfaces 

The area required for any control surface is dependent on 
the distance of its centre of pressure from the centre of gravity 
of the whole machine. It is also affected by the distribution 

^ R. and M., 607. 
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of weights of the main items forming the total weight, but 
there is little variation with sailplanes, in this respect, and it 
can be neglected. 

Another factor concerns the speed of flight ; the minimum 
being, of course, the speed to consider, since if there is sufficient 
control at slow speed there will be ample for higher speeds. 
Here again there is little variation in sailplane minimum speeds. 

It is possible to calculate the rolling moment needed for 
ailerons or the power required for tail planes to com- 
pensate for the main plane centre of pressure movements, 
but actually the areas are generally based on experience of 
past successful machines and the following empirical formulae 
will be found to give satisfactory results : 

Area tail (including elevator), Ate , (i) 


Area pendulum elevator, Ae = 
0.7 A 


0.365 A C 
I 


Area rudder, Ax^ = 
Aileron area, Aa = 


I 

1.8 A 


where A =main plane area 

C—main plane mean choixL 


A 

span’ 


/“-^distance surface to C.G. machine. 


(2) 

(3) 

(4) 


Zi=distance C.P. surface to centre line of inacliine. 

It will be noticed that the first two formuhe make allowance 
for the chord of the main plane. This is because the main 
plane centre of pressure shift is dependent on the chord, and 
the elevator forces necessary for control purposes must be 
proportional to this movement. 

A very approximate value of I, for the rudder calculations, 
is two-thirds of the total length of the sailplane, and i to 2 ft. 
less for the elevators, and for one-third of the total 
span. 

Considering now the sizes of control surfaces for a typical 
machine of 200 sq. ft. area, 55 ft. chord and 21.5 ft. in 
length. 
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Rudder area = 


Q«7 X200 

14 


: 10 sq. ft. 


T. . , , . 0.365x200 200 

Pendulum elevators = X -—== 20.4 sq. ft. 

13 55 ^ 

or, with fixed tail plane, the total area=22-| sq. ft., of which 
about half should be tail plane and half elevator. Experiments 
have shown that the exact distribution does not materially 
matter. 

... 1.8X200 .XV- 

Aileron area= ^ — =20 sq. ft. or 10 sq. ft. each wing. 


All values thus obtained must be checked again when the 
exact lay-out of the sailplane has been determined. 

Differential aileron control, by which is meant the employ- 
ment of some system whereby the down-moving aileron has 
a smaller travel than the up-moving aileron, is of great im- • 
portance in sailplanes. The small amount of movement of 
the down-turned aileron has a beneficial effect on the drag 
of the outside plane, thereby assisting the turn and preventing 
the tendency to stall when turning at slow speeds. 


Centre of Gravity (C.G.) and Wing Position 

The exact location of the position of the centre of gravity, 
for the complete machine, is necessary in order to fix the 
position of the wings, and for this a schematic side elevation 



Fig. 17. — Position of Centre of Gravity 
of Sailplane. 


is drawn, with the 
position of all main 
loads added. Fig. 17. 

The pilot in a sit- 
ting posture wiU need 
about 3' 0" to about 
3' 6" from his back to 
the rudder bar, and 
should be placed as 
far forward as possi- 
ble. The movement 


of rudder bar, or 

pedals, must not be overlooked. The centre of gravity of 
a man in this position is about i ft. above the seat and i ft. 
forward of the back. 
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The fuselage C.G., for want of more exact determination, 
may be taken as at one-third of its length from the nose, and 
the tail C.G. position will be near the main tail spar, but just 
behind and above to allow for the rudder weight. 


The C.G. of the 
wings will depend on 
the type of construc- 
tion. If a single spar, 
with torsion tube, is 
used, the C.G. will be 
close to the spar centre, 
but if two main spars 
are employed, the C.G. 
will be somewhere be- 
tween the two, say 



Fig. i8. — Balancing C.G. and C.P. 


at one-quarter or one-third the distance back from the front 


spar. 

The weight of the wings consists of front spar, torsion tube, 
rear spar or false spar, aileron spar and covering. The ribs 
constitute a small fraction of the whole. 


It will be as well now to find the C.G. of the whole, less 


the wings. For the dimensions and weights shown this will 
be, by moments about the nose. 


290 x%=i50X3. 5+125 X7+15 X19 
=525+^75+285 
-1685 


and g ft, 

nose. 

The wing has now to be placed in position so that the 
centre of pressure will be vertically above the centre of gravity 
when in normal gliding flight. For most aerofoils this is approxi- 
mately at one-third chord from the leading edge. 

If the C.G. of the wings falls behind the C.P. position, 
say by a distance z it,, then the wings must be placed over 
the fuselage with the C.P. behind the C.G. of the machine, 
excluding wings, so that 


W (total) xy =W (excluding wings) X + W (wings) X (y+ ^) 
(See Fig, 18). 

Thus, if the C.G. of wings is assumed as 3" behind the C.P. 
and the C.P. is assumed at one- third chord, say i' 6", 

D 
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:6 ft. 


510 3; =1685 +220 (3;-!- .25) 

=1685+220 3/+55 
2903;— 1740 

andy, the distance from the nose to the C.P. and C.G. (total), 

290 ' 

The leading edge will then be 6 ft. less one- third cliord, or 
6' 0"— i' 6" =4' 6 " from nose, and this agrees well with the 
position of the pilot’s back, which was already hxed provision- 
ally at 4' 6". 

If the C.G. of wings is in front of the C.P., then the above 
process is slightly modified. 

When the height of the fuselage has been fixed and the 
vertical position of the wings relative to the body has been 
determined, the vertical position of the C.G. should be found 
in a similar manner. In this case the diagram of Fig. 17 is 
turned up through a right angle, and the skid base is used as 
datum line from which all measurements are made. 

The C.G. position is thus fixed in both directions, and this 
will be required later when considering the tail load in a 
terminal nose dive. 


Angle of Incidence 

The main plane should be set to the fuselage so that the 
value of lift/drag for the complete machine is a inaximTim. 

If the wing alone were being considered the position of 

Lyp) max. could be obtained by drawing a tangent tlirough 

the origin, 0 , in Fig. 19, to the polar for the aerofoil section 
used, the polar being obtained by setting out values of lift 
against drag. 

The test results available are generally for aspect ratios of 
5 or 6, and if some other ratio value is used, a new polar must 
be set out for that ratio. The method of doing this is shown 
in Appendix I, and the new polar for an aspect ratio of 15 is 
also showir in Fig. 19. 

There is also the drag of fuselage and tail unit to be con- 
sidered. This remains fairly constant throughout the range 
of angles made use of in flight, and each unit of wing area has, 
therefore, a small part of the fuselage drag added, to obtain 
the total drag coefficient. 
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Drag of fuselage = All x Kdf 

Hence increase to wing drag coefficient 

The drag coefficient of the fuselage may be obtained by 
wind tunnel tests, but failing this an average value may be 
assumed, provided the fuselage shape does not vary much 
from those of normal machines. 



Fig. 19. — Aerofoil Gottingen 535 — Polars for Aspect Ratios 
5 and 15, and Induced Drag Curve for Aspect Ratio 15. 


Values of successful machines have 

A ^ 

varied between 0.005 and o.oi, the average value being 
0.0065, which ligiire may be used for want of more accurate 
details. 

This increment of drag should be added to all values of 
the wing drag coefficient, but the object can be more simply 
achieved by moving the origin to the left through a distance 
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representing the fuselage drag value. This has been done in 
Fig. 19. 

A tangent is now drawn from the new origin to touch the 
polar, for the aspect ratio being considered, and the lift 
coefficient at the point noted. P'or an aspect ratio of 15 the 
lift coefficient is seen to be 0.53. 

The angle of incidence for the aspect ratio concerned, 
giving the lift coefficient thus obtained, has now to be found. 

The employment of a higher aspect ratio has the effect of 
decreasing the drag. By the Induced Drag Theory the drag 
of a wing is made up of profile drag and induced drag. The 
former remains constant for all aspect ratios and it is 
consequently the induced drag that matters. (This is fully 
explained in Appendix L) 

The change in the angle of incidence, for the altered aspect 
ratio, is obtained from the formula given in the Appendix : 

Substituting the present values — 5 and A2= 15 : 

«i-« 2=36.5 xo.53(y.-i] 

= 2.58°. 

For the values considered above, a lift coefficient of 0.53 
is seen to represent an angle of attack of 6° for an aspect ratio 
of 5, which gives the angle required for the higher aspect ratio 
as 6°-- 2.58°=3.42°. 

Hence the angle of incidence is fixed as 3° 25'. 

General Arrangement Views of Sailplane 

The following particulars having been provisionally decided, 
it is now possible to draw out the general arrangement of the 
sailplane projected. 

Area of main plane, span, length of fuselage, size of tail 
units, size of ailerons and angle of incidence of main plane arc 
all shown on the drawing. Fig. 20. 

The height of the tail plane off the ground is obtained from 
the front elevation by joining one wing-tip to the main skid 
with a straight line and placing the tail plane in such a position 
that there will be a clearance of a few inches with the sailplane 
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resting on one wing-tip. Unless the tail can be placed well 
above the fuselage it will be necessary to employ a fairly deep 
tail skid for this purpose, as it is very important that the 
elevators should not come in contact with the ground. 

It is unnecessary to set the main planes at any dihedral 
angle, for lateral stability, unless the wing is placed below the 
fuselage, which is seldom done with sailplanes of high span, 
owing to the danger of fouling obstacles on the ground. When 



the body is placed below the wing lateral stability is inherent 
owing to the pendulum ellect. 

Performance 

Stalling or Landing Speed . — The lowest speed at which 
flight is possible is obtained when the lift coefficient is the 
maximum for the aerofoil used. It is obtained from the 
formula : 

W 

Kx. . /) . A 

Thus, if W = 500 lbs., Ki^ max. = .775 and A --^200 sc[. ft., 

Va= 5 ?- - - =1,287, 

.775 X .0024 X 200 " 

and V=35.85 ft./sec., or 24.5 miles/hour. 
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Minimum Sinking Speed . — Sinking Speed, ’V's= V sin e 
= V.Kd/Kr, or since Kr ^ Kl, 


Vs = 




Kl ■ 

Now W= Kl./). A. V'^ 


.-. V = 


and Vs = V. 


W 

Kl./):A 

Kl 
"W 



Kl./).A Kl 

At normal air density /) = .oo24 slugs/cu. ft., and substi- 
52 

tuting ^ for A, where S = span, 


Vs = 20.4 


WA Kd 


S" 


3 

K 


(3) 


From this it is seen that Vs will be a minimum when 


is a minimum, and values of this may be calculated 
from the characteristic curve for the aerofoil used, at the 
aspect ratio employed. It should be noted that Kd will 
include the fuselage/wing drag coefficient referred to on page 
34. Actually the fuselage drag does not remain constant, but 
for the small angles under consideration it may be assumed so. 

A curve for may be plotted against Kl after 

K L*" 

calculations have been made for several values of the lift 
coefficient. This has been done in Fig. 21 for Gottingen 535, 
and is based on the curve of Fig. 19. 

The minimum value is seen to be at Kl =0.625 and is 


then •°325/(_525) i.5 = -o657- 

Using the values of W = 5oo lbs. and S = 55 ft., we get 

Vs= 20 . 4 ^^^|x .0657, from (3) 

= 2,11 ft. /sec. 
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Velocity at Minimum Sinking Speed. 

W 

of Kl = .625 in the equation ^ we get 


■Inserting the value 


V2 = 


500 


K-L.p. 
1680 


.625X .0024X200' 
and 'V= 41 ft./sec. or 28 miles/hour. 


■08 


Kd 


•07 



’06 


0'5 


^ _J L_ 

0-6 0-7 0-6 

Fig. 2T. 


It will be noticed that the lowest sinking speed is only 
3.5 miles/hour above stalling speed. This is the optimum 
speed for gaining height in an up-current. 

Best Gliding Angle . — The best gliding angle has been shown 
in Fig. 19 to take place when KL—0.53. Hence, speed for 


best gliding angles 


W 

Klx .0024 X a 


^ I . . .500 

V .53 X .0024 X 200 
= 44.25 ft./sec. or 30.2 miles/hour. 

Sinking speed will then be 

20.4 X X .0689 (the value .0689 being obtained 

from Fig. 21 for Kl = o.53) 

= 2.24 ft./sec. 

Therefore the gliding angle is such that sin 25 

= .0506 and 54' or i in 20, say. 

This gives the speed and angle of glide for obtaining 
maximum distance in still air. 
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Main Plane Loads and Forces 

Loiul C'tirve — Bending Moment Diagrams for Flying and Landing 
C'ondiiions — Reactions at Supports and Load JDiagrams — Shear 
I'orccs — Distribution of Loads in Spars for C.P.F., C.P.B., and 
L.N.I). Conditions. 

Load Curve 

'Pine weight supported by the wings is equal to the total all-up 
weight less the weight of the wings themselves, since the wing 
weight has to be supported before any upward air load can be 
taken, or, in other words, the wings are subjected to an upward 
loa<l C(pia,l to the total weight of the machine, and a downward 
load equal to the wing weight. 

Hence nett load on wings = W total wings. 

If this were spread uniformly over the total area, A, the 

loading per sq. ft. would be — 

There is, however, a loss of lift due to the wing-tip effect, 
which consequently increases the intensity of loading over the 
inner portion. The load curve at the tips may be assumed 
parabolic over a length equal to the chord. This is not quite 
accurate, but owing to the small chords generally employed 
for sailplane wing-tips it is reasonably correct. 

U'hc equivalent loss in area may, therefore, be taken as 

where T=the mean tip chord, and the nett loading 
becomes (W total wings) 

With wings of parellel chord the load/ft. run over the inner 
portion becomes VV total ““W wings 

c (A-)^C'-=) 

40 
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Fig. 22 {a) shows the curve of loading along the span and 
the effect of the end losses for a wing with parallel chord. 

In the case of a tapering wing the load falls off towards the 
tips proportionately to the amount of taper. 

Thus if, for example, a wing has an area of approximately 
200 sq. ft. with a span of 55 ft. divided into three lengths of 
18, 19 and 18 ft., with a parallel chord of 4' 6" over the middle 



(cC) Parallel Chord 


fSSM.. 



® Tapering Chord oyer Outer Sections 


— Jt 




h — 18 '- 


- 19 '- 


- 18 '- 


Ft 


P/an of Tapering 

Fig. 22. — Loading Curves on Main Planes. 


portion, and a straight taper to 2' (f at the lips, the end losses 

can be taken as equivalent to an area of x 2 .5'-^=: 4 . 17 sq. ft. 

/ 3 

Assuming a total load of 500 lbs. and wing weight 220 lbs., 

the nett loading becomes -43 Ibs./sq. ft. 

^ 200 — 4.17 195.83 ^ ^ 

The load/ft. run over the parallel portion will be 4.5 x 
1.43 lbs=6.44 Ibs./ft. 

The chord over the tapering portion decreases from 4.5 ft. 
to 2.5 ft., or 2 ft. in 18 ft. =o.iii ft./ft. 

Hence the load/ft. will decrease uniformly to within, say, 
2.5 ft. from the tip, at the rate of 1.43 xo.iii = .i59 Ibs./ft. 

In this way the loads acting at every foot run of the span 
are found and may be denoted by Wi, w^, etc. 
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Bending Moment Diagram — Flight Conditions 

There are many different arrangements possible lor support- 
ing the main planes of sailplanes, added to which the form of 
loading must be taken into consideration. The more general 
cases only will be considered here. 

1. Parallel chord, pure cantilever. 

2. Parallel chord, semi-cantilever. 

3. Tapering chord, pure cantilever. 

4. Tapering chord, semi-cantilever. 

5. Three supports and hinge joints at centre. 

6. Two supports. 

7. Four supports. 

Case I, Parallel chord, one central support only. — ^'riiis is 
the simplest case, and the B.M. at any point, distant ;v from the 
tip, is li+w^ ^2 • • • * * • * • (-^)> 

where Zg^the rib spacing. 

If the loading is uniform the B.M. becomes 
M=z£; {li+h+ . . . .... (2) 

The maximum B.M. occurs at the centre and is equal to 
Mb==V 2 where s=span/2. 

If the end effect is to be allowed for, formula (i) must be 
used. 

The B.M. curve is a semi-parabola with the vertex at the 
wing-tip and is illustrated in Fig. 23 {a). 

Case 2. Parallel chord, three points of support. — As before, 
the B.M. at any point between the tip and the outer support 

M= Zl+ A+ ‘ • • .... (3) 

or if the loading is assumed uniform 

= (4) 

The B.M. on the central spans is not so simple. 

By the three moments equation, and assuming the spar 
section to be constant throughout the length between the 

w 

outer supports : Ma Zi+ 2 Mb (Zi+ ^ + Ma' 1^^ ^ 

And since the spans between supports arc generally equal, 
i.e. = Z2, and Ma will equal Ma' we get 
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2 Ma^+ 4 Mb/= 

or 2MA+4MB=^-Z“andMB = ^®Z" . . . (5) 

This means that the B.M, at the central support is equal to 
the difference between the maximum B.M. for a simply sup- 
ported beam, of length equal to the distance apart of the 
supports, and half the B.M. at the outer support. If the latter 
quantity is larger than the former, the B.M. at the central 
support is of opposite sign to that of the outer supports. 

So far the B.M. has been found for the outer section and 
at the central support. To obtain the B.M. on the inner bays 
set out the support B.M.s to some suitable scale (on opposite 
sides of the base line if of different sign) and join by straight 
lines. (See Fig. 23 (&).) Then set up the B.M. curve for each 
bay as simply supported beams subjected to uniform loading. 
These are parabolas with maximum co-ordinates at the centre 
equal to 

The difference between the two sets of curves gives the 
B.M. between the supports. 

Case 3. Tapering chord, one central support. — ^^fhe B.M. 
at any point is ?! +W2 /2-I- . . . . . • (6) 

and is maximum at the centre. 

If the central portion of the wing is of parallel chord, the 
loading over that part is uniform, and then the B.M. at the 
centre is Mb ....... (7) 

The B.M. curve is similar to Fig, 23 [a). 

Case 4. Tapering chord, three points of support. — ^The 
B.M. in outer bays is found as in Case 2 and Ma is thus known. 

If the span between the supports is of parallel chord and 
therefore is subjected to even loading, the B.M. curve over this 
portion is obtained in the same way as in Case 2, but if, as is 
unusual, the tapering continues to the centre or to a point 
within the supports, the B.M. curve may be found as follows : 

The B.M. curve for the unevenly loaded bay is first obtained 
for a simply supported beam (Fig. 24). 

Suppose the beam AB, of span I, is subjected to loads 
Wi, W2, W;) . . . Wn at equal spacing (the spacing of ribs is 
generally regular, and is taken as unity). 
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V Three supports, 
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/T]]jM' V Three supports, 
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f ^ hmged. 

A 



(f> 
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Fig. 23. — Bending Moment Curves for Various Main Plane Support 
Arrangements. 
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Then, by taking moments about B : Ra^= (/ 5— i/' 

T W3 {I — 2) . . . + Wn-t. 

Hence Ra is found, and Rb similarly. 

Now the B.M. at any point a' from A is 

Kr^RA.x- .... Wa-i|. (8) 

By taking a series of points the bending moment curve is 
found as in Fig. 24. 

Let the area under this curve be A and the distance of its 
centroid from A, a. 

Then for a continuous beam Mb = , (9) 

This value is set up as at B, Fig. 23 (c), and the diagram 
completed by adding the curves for simply supported beams, 
as found by formula (8) 
the ex- 
support 

moment ordinates. 

Case 5, Three supports, 
hinge joint at centre. — 

Where the central of three 
supports is made with 
hinged joints there can be 
no bending moment at the 
centre. 

The case is similar to (2) 
and (4), but Mb= 0 . 

Case 6. Two supports. — 

In this case the bending 
moment between the sup- 
ports is reduced from that at the support points by an amount 
equal to the bending moment due to a simply supported beam 
of length equal to the distance apart of the supports. The 
central bay in this arrangement is generally quite small and the 
case may then be treated as Case i. 

Case 7. Four supports. — This is dealt with in a similar 
manner to Case 2, but there is an extra bay. 

Where the central bay is very small the case may be 


.^bove, and joining 
rremities of the 


^2 ^3 1^4 




J 


' : 



: 

< 


, 1 




Fig. 24. — Bending Moment Curve for 
Unevenly Loaded Beam. 
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treated as (?asc 2, bnt otherwise Mb is found by the three 
moment equation thus : 

w 

Ma Zi+ 2 Mb (^1+ h) + Ma ^2= , (^1^+ V)- 

4 

The diagram is completed by adding the curve over each 
bay for simply supported spans. 

There are other cases that may be formed by combinations 
of the above, but they can all be solved with the aid of the 
cases described. 

It should be noted that where the cross section of the spars 
is not constant between supports some modification is necessary. 
Particular care should be exercised regarding the signs of the 
support moments and the values set off above or below tlic 
base line accordingly. 

Landing Load Bending Moments 

The bending moment curves for the landing condition are 
similar to those for flying loads but of reversed sign. The 
loads are those due to the weight of the wings. 

It has been shown, in Chapter II, that the wing weight is 
generally in the neighbourhood of i Ib./sq. ft., and since the 
nett flying loads are about 1.5 Ibs./sq. ft., the intensity of 
bending moment for landing will be roughly two-thirds that 
for flight. A higher factor is generally employed for the 
landing condition, but if the spars are of symmetrical section, 
about the horizontal axis, this condition is usually covered 
by the requirements of flight conditions. 


Reaction at Supports and Load Diagrams 

Where the main plane is supported at more than one 
point the reaction at the points of support have to be found. 
The reaction at B, Rb (Fig. 23 {j})) = Rbl+ Rbr 

-Ma 


where Rbl = 


w.li Mb 
1 


and 




ll 

Mb “Ma^ 

E 


For the reaction at the outside support, Ra, the value of 
Ral ™ total load to left of A. 
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The reactions are thus found for every point of support. 

The reactions at the main supports having been found a 
load diagram can be drawn, Fig. 25, to some suitable scale, by 
setting off ah, he, cd, etc., to represent the support loads, and 
completed as shown. 

The loads in all the members — spars, struts, etc. — are thus 
found by measurement of the load diagram. 

The load, he, in the spars is a compressive end load, and 
has to be added to the bending moment load. With single 
support arrangements there is no end load in the spars to be 
taken into account. 



If the figures obtained from the load diagram are multiplied 
I.anding Load Factor Wing Weight 
Idying J.oad Factor ^ Loaded Body Weight’ corres 
ponding loads for landing conditions are found. 

The struts, A E and F D, are subjected to tension loads in 
the flying case and compressive loads in the landing condition. 


Shear Forces 

[a) The direct shear loads, at any point, in cantilever wings is 
equal to the total load between that point and the wing-tip. 

Where there are more support points than one the shear 
force curve is obtained by adding the air loads along the span 
from the wing-tip to the first support. Here the support 
reaction load is subtracted, and the air loads commence to 
accumulate again. 

Diagrams for various support arrangements have been 
shown in Fig. 26. With tapering wings the shear force curve 
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is not a straight line, but gets steeper as the chord increases 
and also, owing to end effect losses, the curve near the wing 
tips should be modified slightly. This latter effect is negligible 
for sailplane work and can be ignored, 

(6) There is also a horizontal shear load in the spars tending 
to slide the lower half of the spar away from the upper half 
in a sideways direction. The maximum horizontal shear 

stress is at the natural axis, and is /s ~ ^ 

where S = vertical shear force. 

Ay = first moment of half the spar section about the 
neutral axis, 

I = moment of inertia of full section, and 
t = thickness of spar at neutral axis. 

.f t.' ■ 

(b) Two Supports 

~T\ b\ \b’ \/I' 


B 





Pll]PIIirEDW-- 

iOL) Singh 

3 Support 

\A \B A' 






(c) Three Supports (d) Four Supports 

Fig. 26. — Shear Force Diagrams for Various Main Plane Support 
Arrangements. 

Secondary Failure 

Secondary failure is brought about by the end loads in the 
main spars, set up by the tension load in the lift struts, causing 
the spars to fail together in the plane of the wing. 

This is not of great importance in sailplane design and 
obviously can only take place in strutted wings. Most saib 
planes include a plywood covering over the leading edge for 
torsional resistance, for retaining the correct profile shape or 
for rigidity, and this stiffening provides a sufficiently large 
lateral moment of inertia to prevent secondary failure. 
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Where there is no still covering over the wing surface the 
possibility of lateral failure should be gone into. 

In Fig. 27 the main plane is shown divided into drag bays 
by struts AA^, and CO. Then the critical load is, by 
Euler, 

E (If+ Ir) 

W- - ^2 

where If and Ir are the lateral moments of inertia of front 
and rear spars respectively, and ^==span of drag bay. 

Strut 

Attachment 

— - \ a "' — 

— I 1 

A': i?; 

- strut 

Attachment 

Rig. 27. — Secondary Failure. 

Drag Loads 

In normal flight a sailplane is descending through the air 
at a small angle to the horizontal, due to the component of 
the machine's weight in that direction. I'his weight com- 
ponent is made up of the wing weight component and the 
fuselage or body weight component. 

For steady flight this force in the direction of flight is 
equal and opposite to the resistance of the wings and body. 

The weights of wings and body are fairly equal, whilst the 
wing resistance is generally rather greater than the body 
resistance, so that a small drag load is usually present in the 
wing structure. 

As the dive becomes steeper and the speed increases the 
wing drag component becomes more nearly equal to the body 
component and therefore the amount of drag stresses in the 
wing stnicture decreases. 

In other words the wing is at or near its least drag position 
and is being pulled down by its own weight. 

From this it is seen that drag is of little importance in the 
design of sailplane wings, and is easily taken by the plywood 
covering over the leading edge. It will be noticed that as 
E 
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the C.P. moves back the torsion load increases, whilst the drag 
load decreases. 


DISTRIBUTION OF LOADS IN SPARS FOR C.P.F., 
C.P.B., AND L.N.D. CONDITIONS. 

1. Single Spar Wings 

When a single spar only is used, it is generally placed at, or 
very close to, the C.P.F. position and therefore takes the full 
load as a direct bending load. 

For C.P.B. the bending load is less owing to the employ- 
ment of a smaller factor, but there is also a torsion load set 
up, equal to the total load multiplied by the distance of the 
C.P.B. position to the spar. This torsion load must be com- 
bined with the bending load if the spar is designed to take 
both loads. 

Thus if the stress due to bending is denoted by p and the 
torsion stress by 

The maximum shear stress is ^ V4 

and maximum direct stress is V2 p~\- 

When a torsion tube is used with the spar, the former 
resists the torsional load, and the latter takes bending loads 
only. 

In the limiting nose dive thei'e is a large torsional load on 
the wing and a very small lift force. The torsion tube should 
be capable of carrying the whole of the torsion and the bending 
load may be neglected unless there is no torsion tube, in which 
case the main spar must be designed to withstand both loads, 
as in the C.P.B. case. 

2. Two-Spar Wings 

For C.P.F. the front spar takes - ^ ^ of the total load, W, 
Fig. 28, and the rear spar of the total load, whilst for C'.P.IL 

the front spar load is and the front spar ^ j 
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Moving the rear spar forward generally allows the use of 
a deeper spar, but it is brought closer to the C.P.B. position, 
and therefore takes more load in this condition. The best 
position should be found. 


Fig. 



•Spar Loads in Two-sx^ar Wing. 


For the L.N.D. condition there is an upward load on the 
rear spar and a downward load on the front spar. 

In Fig. 29, by moments about the front spar, 

PR=^-and Pf = Pr-Pt. 

This method of finding the spar loads is only approximate, 
and for a more accurate method the reader is referred to 
A.P. 970. 



h'lG. Spar Loads in Limiting Nose-dive. 
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Dksign ot? Main Planks 

Spar Arrangement — Spar Sections — Un symmetrical Spar Sections — 
Strength of Spars — ^Main Plane Ribs—Lift Struts — Examples of 
Main Plane Calculations for Cantilever and Braced Types. 

Spar Arrangement 

There are three chief arrangements for tlie main plane s]:)ars 
of sailplanes : 

1. One spar and torsion resisting nose. 

2. Two spars, with or without torsion tube, and 

3. One main spar with torsion tube and secondary spar. 

With the single spar arrangement, the spar is placed at, 
or very close to, the position of the centre of pressure for the 

forward condition and a 
stiff plywood covering passes 
from above the spar, forward 
round the leading edge, and 
back to the underside of the 
spar. As the C.P. moves to- 
wards the trailing edge a 
torsional load is imposed on 
the plane and this is resisted 
by the leading edge cover- 
ing, This is a favourite 
method in sailplane design. 
(See Fig. 30 {a).) 

When two spars arc em- 
ployed they are generally 
placed outside tlie (bP.hb and 
C.P.B. positions so as to equalize the loads on the spa,rs, as 
far as practicable, during normal flight. Fig. 30 {b). 

In the third method the secondary spar acts as a su])port 
for the ailerons, shortens the unsupported distance of the main 
ribs and generally stiffens the structure. 

52 



(cQdin^k SpsLP with Torsion Resisting Rose 



(h) TwO’Spar Arrangement 



(c) Large Box Spar 
Pig. 30. — Spar Arrangomeuta. 
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There are other arrangements such as single spar, without 
nose strengthening, in which the spar takes both bending and 
torsional loads, three spars, or multi-spar, and also modifications 
of the methods outlined such as (c), Fig. 30. This could be 
considered as a single box spar or alternatively as two spars 
with torsional covering. 

Another useful alternative employs a torsion resisting nose, 
together with a light secondary spar, but instead of anchoring 
the root leading-edge to the centre section, the plywood cover- 
ing is taken back to the rear spar, 
as shown in Fig. 31, so that the 
torsion is transmitted through 
both spar attachment fittings. A 
diagonal member runs from the 
front spar back to the rear spar 
fitting to complete the torsion box. 

The multi - spar arrangement 
ohers possibilities and has been 
used, but the wing suffers from lack 
of rigidity and consequent undue 
deilection. 

The large box-spar, f'ig. 30 (r), 
can 1)0 made to form part of the 
wing with suitable nose and tail attachments. It may be 
designed so that the w(‘bs take the bending moment and 
the ilanges take the torsion, or the llangcs can be made to take 
both bending and torsional loads. (_)ne advantage of this 
arrangement is that the ilange plies may decrease in thickness 
towards the tip. Large tubular structures of this sort must 
be suitably strengthened at fairly close intervals, equal, say, to 
the rib .spacing, or collapse of th(‘ walls will take place long 
before the maximum stresses of the material an^ readied. 

The use of a torsion resisting wing nose has the gread 
advantage of providing at the same tiuu^ a good aerodynamic 
shape over the most important part of the aia'ofoil, besides 
which a robust structure results, which is of great value for 
handling and storage purposes. 

Spar Sections 

Fig. 32 shows the most common sections used in sailplane 
design. 



Imc., ji. 'rorsion Dovici* 
i'ur Mai 21 {’laiie. 
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The first, (a), consists of a single vertical web. It is the 
cheapest to produce, but is uneconomical and is only used for 
machines of small span. 

The second, or I, section illustrated, (/;), is the one mostly 
used and consists of halved spruce flanges glued to a plywood 
web. It provides a very suitable spar and is relatively cheap. 
The spindled '' I section spar is seldom or never used in 
sailplane design. 

The box spar is shown in (c), consisting of spruce flanges 
faced with plywood webs. This is a more efficient section 
than (6) and has much better torsional resisting qualities, 


(a.) 



Fig. 32. — Spar Sections for Main PUines. 


but is rather expensive and needs considerable care in 
manufacture. 

The triangular spar, [d), has been favoured by some British 
designers. If placed with the apex at the bottom, some 
saving of material may be effected owing to the allowable 
tension stresses in timber being greater than the compression 
stresses. This advantage is, however, reduced by the fact 
that the timber at the apex is not concentrated as far 
from the neutral axis as it could be with other shaped 
sections. 

Sections {b) and (c) are also used with the bottom flanges 
of less depth than the top, although, as pointed out previously, 
the difference between flying and landing loads is not always 
very great. 

The triangular section does not lend itself so easily for the 
attachment of fittings. 

Sections (c) and {d) can be made to resist the torsional loads 
as well as bending, but the first two shapes generally need 
extra stiffening against torsion and secondary failure. 
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Unsymmetrical Spar Sections 

The strength of spruce in tension is approximately twice 
that in compression, the allowable figures being g.ooo and 
4,500 Ibs./sq. in. respectively. 

For this reason spars are often made with larger compression 
flanges than tension flanges, and if loading is in one direction 
only, say upwards for normal flight, the most economical 
section would be one in which the centroid is twice the distance 
from the extreme tension fibres as it is from the compression 
edge, (See Fig. 33.) 

This is explained as follows : If the allowable tensile stress 
is denoted by the compression stress as and 


We have p^^ 




and — 


M_yi 

I 


or, since M and I are constant, p is directly proportional to 
hence ^2= 2yi. 

It should, however, be noted that tlie full benelit of this 


weight saving is not, usually, available owing to the tension 


flange being put into compression 
by a reversal of loading. 

For example, if a spar is to ])e 
designed for a ('.P.F. factor of 6, 
and the sailplane weight is made 
up of 40% due to the wing and 
60% body weight, then the load 
supported, multiplied by the 
factor, is o . 6 x 6 x W =^^3 . 6 W. 

If a factor of 8 is allowed for 
landing conditions, taking the 
wing weight as load, then the 
factored load becomes 0 . 4 x 8 x 
W-3.2 W. 



Fro, 3.3. 

Uusynin)(.‘trira,I Spar Sorlion, 


The bending moments for the two conditions will be 


approximately in the proportion of 36 to 32 and the weight 
saving, in this case, is only small. 

If the bending moment for normal C.P.F. fliglit is (hmoted 
by Mjj and for landing M/, then M;^^32/36 assuming the 


wing weight is distributed in proportion to the air loading, 
which is not strictly correct. 
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To satisfy theso conditions, M,j — and 

32/30 or 

:vi Vo 3*2 

where = allowable compressive stress. 

The tensile stress has not been considered, as in both cases 
of loading it will be well within the ma.ximuin allowable. 
Hence ^32/36 x j'a- 

In general, the moment of inertia of such a section neglect- 
ing the web is : 


Also, 


B 

■T 

v) 




|y/‘ -(3’, - /,)''| --I- |:v.r‘ - (;v, - j 

1^/2 I /, ( 1 )^ /,/ 2 ) „ 


^,-1 


and V, I) - - 


Strength of Main Plane Spars 

In Chapter JII it was seen that the main spars have to be 
considered for the loading conditions due to C.P.F., (CP.B., 
and I..N. 1 )., and that the forces to be calculated for are those 
due to bending ; torsion ; shear, both vertical and horizontal ; 
end load ; and secondary bending due to end load. 

In the case of cantilever wings the spar strength should be 
calculated for a scries of points, say at every one-eiglith span. 
With braced wings the spars should be checked at each point 
of support, every mid-bay position, and any other points of 
importance. 

Resistance to Bending . — ^The bending moment diagrams are 
drawn out for tlic whole wing and the values obtained arc 
multiplied by the (hP.F. factor in the case of single-spar 
machines. For two-s})ar wings the B.M. values are multiplied 
by the percentage factor for each spar and the loading factor. 

(Generally the front spar may be considered for C.lbF. and 
the rear s])ar for ('.P.B. 

'.riuis if the percentage factor for C.P.hh on the front spar 
is 75% and the loading factor 6, then the B.M. values should 
be multiplied by 0.75 xb or 4.5. 


The maximum bending stress in a s])ar is p 


My . 

i ’ 


wheix^ 


M is the bending moment, p ^distance of extreme fibre from 
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neutral axis, half depth for a section symmetrical about the 
horizontal axis, and I = the moment of inertia of the section. 

Resistance to Shear . — It is assumed that the vertical shear 
is taken by the spar web or webs and the shear stress is there- 

fore 

The maximum horizontal shear stress was given in the 
last chapter as ; where Ay = the lirst moment of half 


the spar above the neutral axis about that axis. 

Resistance to Torsion. — Where torsion is the only load to 
be considered the stress may be found by the following forinuUe : 

For hollow circular section of thin material, thickness /, 
and mean radius, r., 

T 

j ^ where T is the torque load 


For a solid rectangle //, 


d' h 

•2 (3 + 1.8 ' ), where a is length 


ah 


of long side and b is length of short side and occurs at the 
middle of side a. 


For any hollow section of thin material, A™, .. . 

t (A + A^) 

where A is the outside area and A^ the inside area, or for very 
T 

thin material™ -nr- 
2 tA 


Combined Bending and Torsion. — Where any one member is 
subjected to bending and torsional loads acting at the same 
time the stresses due to each loading separately have to l^e 
found as explained above, and combined in the formuke as 
follows : 

Max. shear stress — Wd P'^+fc 
Max. direct stress — 7^ + \/V.i 


Main Plane Ribs 

The types of ribs are explained and discussed in Part II, 
Chapter X. The spacing is generally made i ft., whi('h is 
very suitable and simplifies the calculations. (Greater sixicing 
than this allows the fabric to sag between the ribs. Idierc is 
generally one intermediate rib, and sometimes two, between 
the main ribs. 
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Ribs are generally built-up girders of rectangular sectioned 
booms and struts, although sometimes plywood webs take the 
place of the diagonal strut bracing. 

With the girder type the necessary sizes of members can 
be found by means of a load diagram, although this is not very 

accurate for members 
of such small cross 
section and they are 
more often designed on 
experience and, where 
possible, tried out by 
loading tests. 

In order that the 
wings shall not be un- 
duly frail, sections for 
booms and struts arc 
seldom made less than 
I" X ui", although sec- 
tions as small as i’’,; x 
have been employed. 

Such light ribs are 
liable to be easily 
damaged and the total 
saving on the whole 
wing is very little, so 
that it is very doubtful 
whether the use of such 
frail ribs is worth while. 

Ribs should be de- 
signed for ('.P.E. and 
Cc) C>F,F Load Cun\/e where C.R moves in C.P.B. and checked for 
Front of Fsrd. Chord from L.E. inverted flight, if called 

Fig. 34, — Distribution of Air Loads on ]tib. for. 

The loading per ril) 

is found (Chapter III) and is assumed to be uniform for C.P.B. , 
i.e. the load diagram is rectangular. 

For C.P.F.' the load is assumed triangular if the C.P.IC 
position is at about one-third chord from the leading edge, 
but if the C.P. moves forward to, say, 0.25 chord, a luodiliecl 
load diagram is necessary, as shown in Fig. 34 (r). 

If the total load on the rib is p lbs. and the chord is n 
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inches, then the loading for C.P.B. is p/yi lbs. /in, and for C.P.F. 
is 2p/]i at the leading edge, decreasing uniformly to nil at the 
trailing edge. These values must be multiplied by the load 
factor. 

The loads at all rib nodes are found. The load at each 
joint, say A, Fig. 34, can be taken as the area of the load curve 
extending half-way to the next joint on both sides. 



In this way the loads acting along the rib are fouiid, those 
acting directly at the spar, or spars, can be ignored. 

If the wing is fabric covered horizontal loads at tlu^ leading 
and trailing edges due to the do]:)c tension must be included. 
I'he fabric tension load may l)c taken as 3 lbs. /in. run with a. 
factor of I. 

Fig. 35 shows typical load diagrams for a rib. Separate 
diagrams are di'awn for the nose and tail portions, and in the 
case of two-spar wings a third diagram will be necc.ssary. 

It will generally be found sufficient to stress the nose portion 
for C.P.F. and the tail for C.P.B. 
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Lift Struts 

Sailplane struts arc generally of the following types : 

1. Composite timber. 

2. Steel or duralumin tubes. 

3. Solid timber. 

These are shown illustrated in Fig. 93 on page 135. 

The first type is mostly favoured as it is very suitable for 
this kind of work where -a long strut of extreme lightness is 
required, besides which it is cheap to produce. 

The central spruce member prevents failure about the longi- 
tudinal axis of the section, and the ply covering stiffens the 
strut about the short axis. 

Metal tubes of circular section are sometimes used and are 
faired off by plywood over formers. Streamlined metal tubes 
are seldom used on account of cost. 

The last type, solid streamlined timber, is seldom used on 
account of the excessive weight. 

Most sailplane struts are rather long with high values of 
L/K, where L=length and K=least radius of gyration, and 
Euler's formula for crippling loads for pin jointed struts is 

TT^ E I 

fairly accurate. This is P == . 

Owing, however, to the fact that struts are seldom of 
absolutely uniform section and also there is generally some 
eccentricity of loading the limiting load is less than the Euler 
load. 

There are several formulae devised to make allowance for 
these factors, of which that due to Major Robertson lias been 
found to give very satisfactory results, and this should be 
used for L/K values less than 130. 

Curves for spruce struts calculated by Robertson's formula 
are given in Appendix VII, page 257. 

Main Plane Calculations — Examples 

In order to illustrate how the spar section sizes arc deier- 
mined a few examples are given below. 

Ca^e I. Pure cantilever wing^ single spar placed at C.l\h\ 

position. Chord constant over middle third, thence tapering 

to the tip. 
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Assume that the bending moments and shear forces have 
been found and are as follows : 


Spar Position, 

M lbs. ins. 

S lbs. 

[a) At centre section 

22,000 

150 

(b) i/i2th span from centre 

14,400 

120 

(c) 1/6 th span from centre 

8,500 

90 

(r?) i/3rd span from centre 

2,000 

36 


For C.P.F. these figures should be multiplied by factor 6. 


(a) Centre Section , — If spar section at the centre is 
9" deep and the width is chosen as 2-^" with spar flanges 
deep, spruce, 

then I =— 


= ^=(9‘-6') 

= 106.8 in.^ 

T ^ My 22,000 X 6 X 4.5 

and ^ ^ ' 

^ I 106.8 

= 5,560 Ibs./sq. in. 

As the allowable working stress of spruce in bending is 
5,500 Ibs./sq. in. this section is slightly weak, 

I"or rigidity the web width should not be less than i/6oth 
of the unsupported length. The distance between the inside 
of flanges is 6", and therefore the webs should not be less 
than 6/60 =0.1" and may be of, say, plywood. 

The web must now be checked for shear. 

Vertical shear: Area 6"' x .1=0.75 sq. in., load 150 lbs., 

and shear stress is therefore == 1,200 Ibs./sq. in. 

0.75 ^ 

Longitudinal shear : fs= ■■ f-y - 

A=2.5X 1.5 = 3-75 
.7 = 4-5-0.75 = 3.75 
/• 3.75X 3.75 

= 948 Ibs./sq. in. 

The shear stresses are well within, the allowable values. 
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/s = 


^715 Ibs./sq. in. 


(b) \lv>lh Span fivin Centre . — M =-14,400 lbs. iu., S-= 
120 lbs. 

Dnter dimension 9" X2'i". LI llanges made i" deep : 

I = ^ ( 9 '' “ 7 '’) = 7^' -4 in.-' 

-=5,090 ]bs./sq. in. 

If the web thickness remains constant there is no need to 
check the vertical shear. 

Horizontal shear stress : 

120 X 6 X 2.375 X 4 
72.4 X 0.125 

(c) i/Gfh Span from Centre . — M =8,500 lbs. in. and 5=90 
lbs. 

If outer dimensions arc 9"x2:j" and flanges are made I" 
deep, then 

I {()■' — 7.5-')^- 57-75 in.-' 

8,500 .\ 6 X 4.5 „ „ , 

and/)= _ _ = 3,()8 o bs./.s(i. m. 

i 57-7.‘i ' 

Horizontal shear : 

90 X 6 X 1 . 686 X 4 . 125 
57.75 X 0.125 
= 522 Ibs./sq. in. 

{( 1 ) i/^rd Span front Centre .- — -M =2,000 lbs. in. 8=36 lbs. 
Assuming the spar has tapered to a deiith of iV and trying 
flanges : 

2 . 2S 

1= 13 -5') 

= 17.06 in. ' 

, , 2,000 X 6 X 3 „ , 

andA= '•’ = 2,110 Jbs./.sq, m. 

17.06 '• 

This figure is low and some modification of the spar size 
might reasonably be made. 

When all the sections have been thus calculated, a drawing 
can be prepared. Fig. 36. It .should be noted that the shape 
of flanges should comply with the profile of the aerofoil at the 


fs-- 


A = 2.25 X .75= 1.6875 
:v = 4. 5 -0.375 = 4.125 
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spar position and allowance will have been made for the 
depth of rib flanges and ply covering, if used. 

Torsion . — ^Assume a maximum torsion value of 40,000 
lbs. in. or 20,000 lbs. in. each plane. If leading edge tube 



Fig. 36. — Main Plane Simr Sections. 


thickness is 2 mm. or 0.08", and an equivalent diameter of 
12" can be assumed, then 


ft= 


T 20,000 

27rrH 27 r X 36 X 0 . o8 


1,100 Ibs./sq. in. 


This would be satisfactory if ply is laid on with the grain 
of outer ply either parallel to or perpendicular to the spar, 
but if it is laid so as to make an angle of 45°, a decrease in 
thickness would be allowable. 


The torsion decreases towards the tips and consequently 
the plywood thickness could be reduced away from the centre. 

The C.P.B. case, in which both bending and torsion are 
present, has not been considered. As, however, the bending 
will be only two-thirds of the amount for C.P.F. and the torsion 
will be less than for the L.N.I). case, and if it is assumed that 


the leading edge torsion tube takes all the torsion and the 
spar the bending moment, then there is no need to check for 
C.P.B. with this design. 

The spars may be checked for inverted flight or landing 
conditions if considered necessaiy. 


Case 2. Semi-cantilever tmng, two spars, lift strut attached at 
i/(oth span from centre. 

Assuming a main plane of similar shape and area as for 
Case I, and spar positions at 18% and 65% from the leading 
edge in a 4' 6" chord, with centre of pressure limits of 30% 
and 55% for C.P.l". and C.P.B., I'espectively. 
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Then maximum load coefficient on front spar is for C.P.F. 
and is — or 74.5%. (See page 51, Chapter II I.) And 
maximum load coefficient on rear spar is for C.P.B. and is 


or 78.8%. 

47 

Multiplying these values by the required factors for (MM', 
and C.P.B. gives the figures by which the unit bending moment 
and shear loads must be multiplied. 

Hence front spar factor becomes 0.745 x6^:=4.47 and rear 
spar factor becomes o . 788 x 4 =3 . 152 . 

The spar bending moments at the lift strut attachment 
point are therefore 4.47x8,500—38,000 lbs. in. and 3.152 X 
8,500=26,750 lbs. in., for front and rear spar, and the sections 
can be calculated as for Case i . 

The central B.M., Mb = • • - Chapter III, 

formula (5), page 43, and if the values of Ibs./ft. run 

and Z = 9 ft. are used, then 

6.75x81x12 8,500 

Mb= g ^ 

= —3.430 lbs. in. 

The B.M. curve as a simply supported beam gives B.M. at 

... ,, wl'^ 6-75 X 81 

raid-bay, M = -g- = - ^ 


8 


= 68.4 lbs. ft. or 821 lbs. in. 


The true bending moment at mid-bay position will be 

Ma+Mb ,r 8,500-1-3,430 . „ 

— AJ ?_M= - - — t-Arx-J. _82I or 5,145 lbs. in. 

2 2 

and multiplying by the front and rear spar factors gives the 
bending moments on each spar. 

The support reactions are now required. I'he enter snpporis 
are : 

Ra= Ral+ Rar 
Ral ™ 90 Ihs. and 

id , Ma — Mb 

RaR=2+- J - 

_ fi.75 X 9 8.50 0+3. 430 

2 g X 12 

= 77,4 lbs. i4-n-4lt;5 
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i!.30 • I 1=3 

Hence Ra= go+ 77.4= 167.4 
Also Rb= Rbl-}- Rbr, or in this case, owing to symmetry, 
= 2 Rbl 

^ wl Mb — Ma 
2 

- 6-75 X 9 -3,430-8,500 

2 ^ 9x12 

= -i^T^s. -7‘=iayhs 
and Rb=2 Rbl= - 33-34bs. — t ^ ^>=>s 




Bending Moment Diagram 

L'ig. 37.“ Main Trus.s Load and i^ondin" Mnmont Dirtgrains. 

Checking, 2 Ra+ Rb should — total weight less wing weight. 
= 334 - 8 - 33-2 

= 301 . 6 lbs. and this agrees fairly well, the assumed 
load being 6.75 x 184- 2 x 90 = 301 .5 lbs. 


F 
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It is now possible to draw the bending moment diagrams 
and load diagrams for the main truss system, using the loads 
found. A suitable arrangement at the centre section can be 
assumed. 

This has been done in Fig. 37, from which the end loads in 
the spars and the strut loads are found. 

The bending moment over the inner bays is increased to 
some extent beyond the values found already owing to the 
combined effect of the end load and the deflection of the 
spars. 

This extra bending moment will be a maximum near the 
centre, or in this case a little distance beyond the centre towards 
the tip, owing to the larger primary bending moment there 
causing greater deflection. 

It will be noticed from the bending moment diagram, 
Fig. 37, that the value at the outer support is far greater than 
at the centre, and it is almost certain that the spar sections at 
the centre, owing to their considerable depth, will give a far 
greater margin of strength than is required, and this extra 
margin will most likely diminish towards the outer support. 

The end load present in the spars is not a great amount 
and the strength margin explained above can generally be 
relied upon to compensate for this. The spars are strengthened 
again by the torsion tube, and it will be noted that, as the 
torsion load on this member increases, so the end load on the 
spars will decrease. 

If, however, it is considered necessary to calculate the bend- 
ing effect of the end load accurately the method given in 
A.P. 970 ^ should be applied. 

Secondary Failure 

The end load on the spars is 410 lbs. and multiplying by 
factor 6 gives 2,460 lbs. 

The failing load, Q= - ^ ± 

and if the values of the moments of inertia for the spars arc 
Iir=i.66 in.^^ and Ir=i. 20 in.'^, E for spruce is taken as 
1,500,000 Ibs./sq. in., and drag bays are 36 in. long, then 

1 A. P. 970, Chapter III, para. 5-7, Appendix lA, para. 6 and Appendix 
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n — 1,500.000 (1.66+1.2 0) 

= 32,600 lbs. 

This shows that secondary failure need hardly be checked 
for this type of machine. 

Again, when the leading edge, forward of the front spar, 
is ply-covered, the tendency for secondary failure is overcome 
by the leading edge covering. 


Torsion Effect 

If a value of 14,300 lbs. in. each plane is assumed for 
maximum torsion in the nose dive case, this having been 
calculated by the methods explained in Chapter III, then an 
up load will be placed on the rear spar and a down load on the 
front spar. 

The rear spar load, by moments about the front spar, will 
equal the torsion divided by the spar spacing. 


or Fr = 


14,300 

0.47 X 54 


- 563 lbs. 


Now the rear spar load for C.P.B. condition was equal to 
the nett load on one wing multiplied by the rear spar factor 


322 

3-152 = 507 n>s. 


This means that the rear spar is subjected to slightly higher 
loading for the torsional case than in the C.P.B. case and 
the spar section could be increased proportionately, or, 
alternatively, a stiff leading edge covering could be used to 
help resist the torsion. 

The front spar down load will be equal to the rear spar 
up load less the tail load, or say 370 lbs. 

322 

The up load on this spar for C.P.F. is — x 4.47— 720 lbs. 

In most designs the spar resistance to down load is equal, 
or nearly equal, to that for up load, and therefore the down 
load due to torsion is well covered, but as the front inain lift 
strut will be subjected to a compression load for L.N.D. 
conditions it should be designed to carry this. 
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Inverted Flight 

The conditions arc assuined similar it) those for CMM'. 
with a factor of j ('ailed for instead of (>. TIh^ I>.M. and 
shear forc(‘ cairves will l)(^ similar, and nnlt'ss spars of unsynr- 
nmtrical section an^ used tlien' is no net'd to clu^t'k this 
case for the sj)ars. 'J'lic strut loads (('omprt‘ssive) will Ix' 
those found from the loaxl diagram, Mg. 37, multiplu‘d l)y (lu‘ 
factor 3, 

Landing 

Idle load during lauding is that due to the wing itsi^lf, and 
as its weight is not likedy to 1)0 more than the ludt air loading 
for night conditions, this case is very similar to the previous 
case. 

Using a wing weight figure of 0.95 Ibs./scp ft. (see (diapti'r 
11) and a nett Hying load of 1.5 lbs. /sq. ft., it is Siam that landing 
loads with a factor of 4 a.re well covered by invert(‘(l lliglil 
loads with factor 3. 

Lift Struts 

In C.r.ld and C.P.B. the lift struts arc subjected to tension 
loads; in 1 ..N.I). the front strut is in compression and llu' 
rear strut in tension ; whilst for inverted llight and landing 
both struts arc in compression. 

The maximum tension for the front strut in Ihis ('ase will 
be for C.P.F. and for the rear strut in [..N.D., whiisi I hr 
nuiximum coin|)rcssive loads will be dui’ing L.N.I). lor tin' 
front a,nd for inverted (light on the r('a.r strut. 

Idle following table shows the valui'S of tlu^ niaximuin 
loads on iln) struts in tlui dilfert'ut conditions of loading for 
the design considi'.red. 

id:om the table it is se(m that tlui niaxiimmi fat'tori'd loads 
on the front strut an^ 2,o()o lbs. tension and i,03)0 lbs. t'onn 
])ressioii, and on tlu^ ix^ar siriii i,.j5o lbs. b'lision and 3,50 lbs. 
c'oinpn'ssion. 


Design of Front Strut 

Suppose a, con)])osil;e strut of spnuu^ and plywood pt)" in 
hmgth is to be employed, as hdg. (jj (a), tdiapler 10, Part il, 
with spnic(', lb" plywood and cl{‘])th of strut 
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Table 2 


Loading 

Front Strut. 

Rear Strut. 

Condition. 

Tension. 

Compression. 

Tension, 

Compression, 

C.P.F. . 

460 X4.47 

— 

— 

— 

C.P.B. . 

— 

— 

460x3.152 

— 

L.N.D. . 

C.P.F. 

X370 

720 

i 

C.P.B. 

X563, 

/507 

— 

Inverted . 

— 

460 

— 

460 X .253 X3 


Assuming that the spruce member resists sideways failure, 
then A =2 sq. in., and 

I=i- (2) “ = .667 in.'‘ 

12 

K = ^I/A=: 0.576 ill. 
and L/K = 9^/0 , 576 — 167. 

By the curve for grade A spruce, Appendix VII, Fig. 195, the 
allowable stress is 510 Ibs./sq. in. 

Hence allowable load is 1,020 lbs. 

Again assuming the plywood fairing resists failure in the 
forward direction, suppose it is considered as being of two 
parallel strips of depth 5-|" and of width equal to the thickness, 
i\; Then area of plywood, A =2 x . 0625 X 5 . 5 . 688 sq. in, 

I= -Y2^ ( 5 - 5 )'= 1-73 i«-'* 

K = ..yi.73/.688 = 1.61 in. and 
L/K =96/1.61 =59.6. 

Now the allowable stress of good plywood is higher than 
that of spruce, but for safety the spruce figures may be used. 
Then allowable stress =3,000 Ibs./sq. in., and allowable load = 
0 . 688 X 3,000 =2,064 lbs. 

Calculations of this sort for plywood are very approximate 
only, and the results will depend largely on the soundness of 
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any joints in the sheeting, together with the spacing of, and 
attachment to, the formers, and other factors. 

As, however, the streamline shape is stronger than the flat 
strips assumed, a low figure has been employed for allowable 
stress, and a higher figure than that required has been obtained, 
the above section should prove satisfactory. 

Where there is any doubt a specimen strut should be made 
and tested. 

Reductions in both weight and head resistance may be 
obtained by using a tapered strut for which the taper may 
take the form of a straight line or an ellipse or, alternatively, 
the strut may be parallel over a certain length from the centre 
with a taper to the ends. 

The design of tapered struts is rather involved and if fuller 
details are required the reader is referred to the Air Ministry 
Plandbook of Strength Calculations,'' or other works on 
tapered struts. 

The composite strut of spruce and plywood fairing cannot 
be easily built to an elliptical taper, and therefore sailplane 
struts are generally straight tapered. 

The end section is first fixed by consideration of the end 
fittings, and is then checked for direct compressive failure. 
Assume a width Se of i" for the strut under consideration. 
Next find the width that would be necessary at the centre 
section for a straight parallel strut. This has already been 
found to be 2". Then width at centre for a straight taper is 


given by Sc = 


Sc 


16 

I 


and Sc = 2. 52". 


The depth should vary to the same proportion, or since 
the width of 2" for a parallel strut was found for a depth of 

2 S2 

1", the depth of the tapered strut should be xi—x.26" 

and at the ends, or 0.5", so that the spruce section will 
taper from 2.52" x i .26'' at the centre to i" x at the ends. 

The plywood fairing will be symmetrical and of similar 
shape at all sections, thus the fairing depth will be increased 
to about 7" at the centre, tapering to 3" at the ends. 

A strut designed for compressive loads will be amply 
strong in tension, but the strength of the attachment of fittings 
should be sufficient to transmit the tension loads. This is 
a point of importance. 
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Design of Fuselage and Skids 

Types of Fuselage — ^Fuselage Loads — ^Design of Fuselage Members 
with Worked Examples — Landing Skid — Tail Skid — Wheel 
Chassis. 

Types of Fuselage 

There are three main types of fuselage, they are : 

1. Monocoque, 

2. Girder type, and 

3. Girder with stiff covering. 

The true monocoque type is both the most efficient and the 
most popular for sailplanes, although it is undoubtedly the 
most expensive to produce. It is built up on a number of 
oval-shaped bulkheads, held in position by a few light longi- 
tudinal members, the whole being covered with plywood. 

The girder type consists generally of four longerons held 
ill position by horizontal and vertical struts across the top, 
bottom and sides, all the bays thus formed being suitably 
braced by diagonal struts or tension members. The covering 
is fabric. 

Fuselages built on this principle are quick and cheap to 
construct and are very light, but do not give good aerodynamic 
shape, and are not so robust as the monocoque type, conse- 
quently they are not often used. 

The third type is really a combination of the two preceding 
types, and is of square, or preferably hexagonal, shape in 
section, employing four or six longerons with struts between. 
There are no diagonal members, but the outside is covered 
with plywood, which serves also as diagonal bracing. 

This provides a robust structure of fairly good streamline 
shape and is cheaper than the monocoque fuselage, so that 
it is very suitable for school sailplanes. 

71 
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Fuselage Loads 

The fuselage is subjected to the external loads transmitted 
from the tail unit in flight, from the main skid in landing, 
and from the starting rope during launches. 

The tail plane generally has a small upward load in normal 
flight, and this is increased by depressing the elevators in 
order to dive. As the dive progresses the mainplane incidence 
decreases, causing the centre of pressure to move backwards, 
thus tending to increase the dive. To avoid this, the ele- 
vators ai'e returned towards the neutral position, and in a 
steep dive are pulled above neutral so that a downward load 
is placed on the tail plane. 

There is also a side load due to the rudder, and tin if lifted, 
l:>ut as the rudder loads on sailplanes are comparatively small 
there is generally no need to check the strength of fuselage for 
this condition. In the case of girder type fuselages, if the 
rudder is of high aspect ratio, it may be necessary to check 
for torsion loads in the fuselage, but this is seldom necessary 
with monocoque bodies. 

The loadings imposed by up loads in normal flight are 
not of importance compared with the down loads in a steep 
dive, and are counteracted to some extent by the weight of 
the fuselage, so that they can generally be neglected. 

The tail skid load is negligible, owing to the fact that the 
main skid makes contact with the ground almost vertically 
below the centre of gravity, and this case need not be 
considered for the fuselage. 

The main landing loads fall on the principal bulkheads 
situated between the main spars and skid blocks and have 
little effect on the rest of the fuselage. 

From this it is seen that the rear part of the fuselage should 
be designed to withstand the maximum down loads on the 
tail in diving and no other case need, generally, be considered. 

The method of calculating the maximum tail load has 
been explained in Cdiapter L 

The remaining condition of fuselage loading is that due 
to launching. From tests that have been carried out it has 
been found that with a vigorous launch the pull on the launcki- 
ing hook may reach as high a value as 500 lbs. Since this is 
taken mainly by the front longitudinal members, in tension, 
and this, with a factor of 3, needs only a total cross sectional 
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area of about to sq. in,, there is little need to calculate for 
this providing the attachment of the hook to the longerons 
is properly made and sufficiently strong. 

The cable loads during launching by auto-towing have 
been found by tests to be about 200 lbs. horizontally, changing 
to 200 lbs. vertically. Machines designed for launching by 
this method should be capable of withstanding a vertical 
load at the launching hook of 200 lbs. with a factor of two. 

Design of Fuselage Members 

This can best be explained by means of examples. 

Case r. — Girder fuselage of length 20 ft., maximum depth 
between longerons at main bulkheads 2' 6", decreasing to 
1' o" at tail. Divided into suitable bays as shown in Fig. 3(S. 
Tail load, 230 lbs. ; pilot's weight, 150 lbs. 

The most satisfactory spacing for bays has been found, 
by experience, to be approximately equal to the fuselage 
depth, although it is sometimes made as much as double 
this amount. 

A load diagram is first drawn for the rear portion of tin) 
fuselage from which the values shown in Table 3 arc obtained. 


Table 3 


Member. 

Max. Load. ! Xiiture. 

1 

Lenj>l 

(ins.' 

Bottom longeron 

1170 lbs. (OB) 

Coinpression 

24 

Top longeron . 

920 lbs. (AN) 

Tension 

24 

Vertical member 

230 lbs. 

Compression 

JO 

Diagonal member 

1 

300 lbs. (ON) 

Tension 

33 


The above loads should be divided by two as only half is 
taken by each side of the fuselage. 

Longerons . — The maximum load is on the bottom longeron 
and amounts to 585 lbs. on a length of 24 in. 

If the longeron length is assumed to be a strut fixed at 
both ends, then 
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lienee, I required=- — r-;;; 

^ 4 7 c“ E 

= x.(-4)‘'* 

4 XI, 500, ()()() 

= 0.0057 in.'^ 

I for a square section of J-" is 0.0052, and for ij/iif is 
0.0083 

A section of l'"xg/i 6 '' could be used, and may taper od 
towards the tail. Also a vSmaller section could be used for 
the top longerons, although it is more usual to keep them of 
equal section, or nearly so, to the bottom longerons. 

Vertical Strut . — If both ends are assumed fixed, the same 
formula holds good, but more usually they arc assumed pin 
jointed at both ends, in which case 

I required = 

a, 

= X3^ X30 

TT^X 1,500,000 
= 0.007 in.‘‘ 

A section of 9/16" x 9/16" will serve here also. 

Diagonal Bracing . — If the diagonal bracing is duplicated, 
tension members may be used, in which case wires or other 
suitable cross members can be employed. 

It is, however, more usual to insert diagonal struts Ibr 
this purpose to take both tension and coinj,ression loads. 
These are calculated in a similar manner to the vertical slrnls : 
Suitable end attachments capable of taking the tension loads 
must be used. 

The fore part of the fuselage is then dealt with in e.xactly 
the same way. (See Fig. 38.) 

Main Bulkhead Struts . — It can be assumed that the total 
weight of the machine is taken in compression by th(iso stmts. 
If there are two mainplane spars, and therefore two main 
bulkheads, the weight may be divided between the two, but 
owing to the fact that in certain attitudes of landing most 
of the load may fall on one skid block and therefore one main 
bulkhead, each should be designed for at least two-thirds of 
the total load. 

Thus, for an all-up weight of 500 lbs., each bulkhead 
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should be capable of taking a load of | X 500 multiplied by a 
factor of 4, or 1,333 lbs. 

If the bulkhead is similar to that shown in Fig. 39, then 
each vertical strut takes i;333/2, or 666 lbs. The struts are 
supported against sideways failure at two intermediate points, 
and therefore the strut dimensions in this direction need not 
be so great as the thickness from front to back. 




Load Diagram. 
Front Portion 


CL 

2d0 
lbs. 

I 

Load Diagram- Pear Portion 



Fig. 38. — Fuselage Load Diagram. 


If the total unbraced length is 30" and a section of ij" x -I" 
is employed ; — for collapsing load about the short axis, 



l^K — 30^0 26 = 83 . 4 


The allowable stress for grade A spruce, from the curves 
on page 263, is 1,800 Ibs./sq. in. 

Hence the allowable load is 1.25 x .5 x 1,800 =1,125 lbs. 
The length of strut for sideways failure is the greatest 
length between the supports, say 12". 

About the long axis. 


K- 



0.144 


L/K-83.4. 

the same as before, in this case, and therefore the allowable 
load is again 1,120 lbs. 
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All joints should be made with plywood gussets or, better 
still, if sheets of plywood are fitted on front and back, witli 
lightening holes cut so that the plywood takes the outside 
shape of the bulkhead, much additional strength is given besides 

giving rigidity to the 
whole sti'iictiire. 

The outline of the ply- 
wood with suitable lighten- 
ing holes is shown dotted 
in Fig. 39, 

The neck portion 
"-f of the bulkhead should re- 
lip ceive some consideration 
for its strength in bending 
Don during a side-slip. 

Suppose an angle of 
45° is reached and the 
centre of gravity is 2 ft. 
below the main plane. 

The bending moment 
will equal (the total weight 
less that of the wing) x 24" 

, X sine 45° = 300 x 24 x 
.707 = 5,090 lbs. in. 

This is resisted by a box spar consisting of tY xV flanges 
and plywood webs, assuming the whole load falls on the front 
bulkhead. If the width apart of the flanges (vertical biilkliead 
struts) is 8", 

then (8^— 7^^) 1S.65 ins.-^ 

5,090 x 4 

and;^= = 1,090 Ibs./sq. in, which is quite low. 

Case 2. Conditions as Case i,hnt stiff covering to fuselage . — 
The alterations necessary concern the longerons, struts and 
diagonal bracing. 

Dealing first with the bracing, the diagonal rnemlxu-s luw 
dispensed with altogether, the loads being taken in tension by 
the plywood covering. 

The maximum bracing load was seen to be 300 or 150 l))s. 
Tests on plywood panels, carried out by the autlior, have 


/Wa/r? Plane 
Attachment 





i 


Sec 

A 
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shown that a plywood panel of only 1/32" thickness will stand 
a diagonal load of 750 lbs. before breaking, although con- 
siderable buckling of the plywood takes place long before this 
figure is reached. As plywood of this thickness is seldom, if 
ever, used for sailplane fuselages, there is little need to check 
for this. To prevent distortion of the plywood, light inter- 
mediate bulkheads may be inserted. 

The struts are held against sideways failure by their 
attachment to the plywood covering, and some reduction in 
thickness parallel to the fuselage 
axis is possible, provided that suffi- 
cient gluing area is retained. 

For the strut considered in 
Case I, for which a value of 0.007 
was required for I, a section of 
3/8x11/16" has an I value of 
o.oi in.^ about its short axis and 
would be suitable here. 

The longerons, also, are stiffened 
up by the covering material and can 
be reduced in section to some ex- 
tent. If the fuselage is of square 
section with plywood on two sides lo-uIs durinf/ Sidc-siip. 

of each longeron they are restrained 

from failing in both directions, but for hexagonally shaped 
fuselages the longerons are stiffened up in one direction only. 

It is not wise to reduce the longerons in section down to the 
minimum shown necessary by calculations, because adequate 
gluing surfaces must be provided. 

Longerons of triangular section provide greater gluing 
surfaces than square sections of equal area, but the strut 
attachment is made more difficult unless the longerons are 
left square at each joint. 

Case 3. Monocoque fuselage, other conditions similar to 
Cases I and 2. — The fuselage can be regarded as a tubular 
structure subjected to bending, but owing to the uncertainty 
of the strength of joints in plywood the longitudinal members 
should be capable of dealing with the tension loads. 

It has already been stated, Chapter IV, page 61, that, to 
prevent buckling, or elastic instability, the thickness of plywood 
should not be less than i/6oth of the distance between supports, 
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but the fuselage covering gains considerable stillness on account 
of the curvature of the section. Since the amount of curvature 
increases, and the bending moment decreases, towards the tail, 
thinner sheeting may be used at the back, the ideed being ii 
general grading in thickness from the wing to the tail. 

Bulkheads in monocoque bodies are usually placed about 
every 6 or 8 in., with every intermediate, or pair of inter- 
mediates, of quite light construction for stiffening of the shell 
only. 

A thickness of 6/6o" or i/io", say 3/32", should be suflicient 
for the part near the wing, decreasing to 1/25" (i mni.) at the 
end. 

Assuming a bending moment figure of 230 lbs x 148'', or 
34,000 lbs. ins., and a mean external diameter of 22'', 


thenI = g^^(Di-^') 

= 64 


and stress, 


= 414 in/ 

^ 34,000x11 


= 905 Ibs./sq. in., 

which is quite low. The strength at other points along the 
length should be checked in a similar manner. 

It may be noted that using the R.R.G. figure of 30 Ibs./sq. ft. 
of surface, gives a tail load of, say, 20x30, or 600 lbs., in wliich 
case the above stress would be increased to 2,360 Ibs./sq. in. 

Checking for Torsion . — Suppose a factored rudder load of 
150 lbs. with the centre of pressure 30'' above the ccnln? liiu' 
of fuselage, giving a torsion of 4,500 lbs. in. 

Referring back to the design of the leading edge torsion 
tube for the main plane, on page 63, Chapter IV, it was .seen 
that a 12'' diameter tube of 2 mm. thickness gave a stress of 
only 1,100 Ibs/sq. in. for a torsion load of 20,000 lbs. in., so 
there is little need to check for a torsion of only 4,500 lbs. in. 

It might be considered necessary to calculate for a com- 
bined torsion and bending due to tail load, say in a climbing 
turn, when full rudder might be used and some elevator 
control. A suitable value for the tail load would have to bc^ 
assumed, considerably less than the full load in the terminal 
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dive case, and the fuselage checked for combined torsion and 
bending by the formulae on page 57, Chapter IV. 

Longitudinals . — ^The smallest section longitudinal members 
practicable will be sufficient to carry the tension load along 
the bottom and top of the fuselage. 

For example, the maximum tension found in Case i was 

020 lbs. only, and calls for a cross sectional area of or, 


say, i/ioth sq. in. 

Two members of I" x f " have a combined area of 0 . 1875 
sq. in., and it would not be wise to go below this. 

Alternative Method . — An alternative method for checking 
the strength of a monocoque fuselage is to consider it as a 
girder structure, in the same way as for Case i, and to assume 
that the main members take one-half of the load, leaving the 
other half for the plywood covering. In this way the longi- 
tudinal and bulkhead members can be calculated, and this 
serves as a useful check for the previous method. 

The main bulkheads to which the wing spars are attached 
are calculated in exactly the same way as for Case i. 


Landing Skid 

There is little variation possible in the design of main 
skids, as they are nearly always made of ash with a cross section 
of between ^ 3 " I'' ^4''- 

It is hardly possible to calculate the stresses in the skid. 
If the point of contact with the ground is at one of the skid 
supports there is no bending moment in the skid as the load 
is transferred directly to the bulkhead. If contact is some 
distance from a point of support the skid deflects and the load 
point tends to move towards the support. 

Where the span between any two supports is large the skid 
deflects until it makes contact with the keel of the fuselage, 
and thus the bending moment is relieved. 

Skid sections, as stated above, have been found to give good 
service and should suffice for most sailplanes. 

Skid attachments should be designed to prevent sideways 
failure for side-wind landings. 

With single spar machines the main skid shock absorbing 
support should be under the spar position and for two-spar 
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wings it is preferable to employ two supports, one under 
each spar. 

Rigid attachment of the front of the skid is generally made 
at or near the launching hook, whilst the rear end is cith(*r 
left unsupported or is connected to the fuselage keel by a roller 
or sliding fitting. 

Tail Skid 

The tail skid is usually supported below the fuselage by 
a box fitting and may be either sprung, or unsprung.^ Bamboo 
and leaf springs are sometimes used, but are not easily stream- 
lined and are unpopular, besides which a built-up box tail 
skid makes a very suitable support point for the bottom 
rudder hinge. 

Wheel Chassis 

For auto-towing and aeroplane towing, light under- 
carriages are often used. These follow normal aeroplane design 
and can be either of the simple Vee ’’ or the split axle type. 
The point of contact of the wheels and ground should be at 
least 12 in. in front of the centre of gravity, with the machine 
in flying position. 

If '' doughnut '' wheels are employed no other springing is 
necessary. The loads in the various members can be found 
by simple load diagrams, and a factor of four should be present. 

To allow for side-wind landings, assume a factored load 
equal to the weight of the machine acting horizontally at tli(‘ 
hub. 

Full particulars of aero wheels, showing their shock absoii)- 
ing capacity, can be obtained from the manufacturers. 

For fuller details and sketches of the parts considered tin* 
reader is referred to Part II, Chapter XL 



CHAPTER VI 


Design of Tail Unit and Control Surfaces 

Typos of Tail Units — Tail Loadings, with Worked Examples — Tail 
Plane and Elevator Spars — Ribs — Drag Bracing — Rudder — 
Ailerons. 

Types of Tail Units 

There are two types of sailplane tail units : 

(1) The fixed tail plane with hinged elevator, and 

(2) The pendulum type elevator. 

The latter type is more often used than the former, as it 
has less resistance to th:? air, is easily detachable, is very 
effective in use, and allows of a neater design. 

This applies equally to the rudder and vertical fjn. 

Tail Loadings 

It was shown in Chapter I that the maximum load on the 
tail plane will occur either in the terminal dive or in pulling 
out of a steep dive, and if the tail members are designed to with- 
stand this load there is little need to check for other loadings. 

The rear spar of a fixed tail plane should be designed for an 
up load of 5 Ibs./sq, ft. in normal flight. A C.P. position of 
0.5 chord may be assumed with a rectangular loading curve. 

Considering first the fixed tail plane type, the most usual 
shapes are shown in Fig. 41, {a) [b) and (c). 

In type {a) there are generally two main spars in the tail 
plane, the front one being either close to the leading edge or 
sometimes actually taking the place of the leading edge. In 
(/;) and (c) there is only one main spar connected at the tips by 
the leading edge, which sweeps back from the front attachment 
point. 

The elevator loads are transferred to the rear main spar at 
the hinge positions, while the tail plane loads are found by the 
method given in Chapter I, page 8, 

G 81 
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In cases {b) and (c) some assumptions may have to bo made 
to determine the modified loading on the leading edge. 

The loading diagrams used by the R.R.G. are certainly 
more simple to use than the British, although the unit loading 
is higher. 

As an example, assume shape {a) is to be used witli a tail 
plane of span lo ft. and chord i' 3", giving an area of 12 sq. fb, 
and elevator chord i' 3" with an area of 10 sq, ft. Assuiik' 
spar positions in the tail plane are 3" and i' 3'' from the leading 



Fig. 41. — Tailplane Types. 


edge and a total load of 230 lbs. in the limiting velocity dive 
case. 

Then P,= 230, from page q. 

= 296 lbs. 

and P2= 296— 230=66 lbs. 

also a= 5')+! ~ chord or 12. (S4 in. 

The C.P. of the down load component will llicndore b(' 

4.28" from the leading edge. (See Fig. 4.) 

To find the position at which the centre of prassurc of Iho 
up load acts, 

^2=^/2 (c-«) 
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■ Also by dividing the up load curve into triangles to the left 
and to the right of the hinge position and taking inonients 
about the trailing edge, 

i:> lbs. 

2 '2 

and P2.^=-2^X2 .i 6 15'j X15 X 

2 \ 3 J ^ 3 

where distance of C.P. from trailing edge, 

/. P2.v = 707 lbs. in. 

Whence x = '^~ = io,y\ 

66 

The spar reactions can now be found, by reference to 
Fig. 4. 

By moments about F “■ where F denotes front spar and R 
denotes rear spar, 

P2Xi6.3 = R X12+P1X1.28. 

From which R = 58 lbs. 

Also F+P2-P1+R, 

= 296+58— 66=^:288 lbs. 

The front spar is subjected to a down loading of 288 Jbs. 
and the rear spar to an upward load of 58 lbs. 

In this case the rear spar should be designed for a tail 
loading of 5 Ibs./sq. ft., or 5x22=110 lbs., from which the 
rear spar load can be found. 

It will be noticed that if the front spar is moved closer 
to the leading edge the load will be lessened, but at the same 
time the spar depth will be diminished. If it is found possible 
to arrange for a suitable spar section at the leading edge, 
then the load will be a minimum, but it is generally more 
economical to place the spar further back. 

Tail Plane and Elevator Spars 

The front spar can now be designed for the down load 
found, the method being similar to that for the main plane 
spars. 

The elevator should be considered before the tail plane 
rear spar, since a portion of the loads is transferred from it 
through the hinges. 
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The elevatoiTouding may be taken as 5 Ibs./sq. It., average, 
but with triangular loading. 

In the case of split elevators with two hinges each, at or 
near the ends, the B.M. curves and hinge reactions are easily 
found. When, however, the elevators are continuous or 
several hinges are used, then the three moment equation 
must be used, as was shown in C-hapter III for the main 
planes. 

The torsion effect must also be considered. 

Torsion = L x C/3 lbs. inches. 

where L =total load on elevator in lbs. and C = chord in 
inches. 

For a single king-post the total torsional load is present 
at the king-post position only, whilst on either side of the 
king-post the torsion is halved, or, more 
accurately, is proportional to the distribution 
of the elevator area to the left and right of 
the king-post. If there are more than one 
king-post, the torsion at each is proportional 
to the area covered by the king-post. 

Elevators are often built with a torsion 
resisting leading edge, as in the case of main 
planes. (See Fig. 42.) 

The ply covering takes a semi-circular 
shape and provides a suitable leading edge for 
working in fairing strips behind the tail plane 
rear spar, so as to avoid a large gap between tail plane and 
elevator. 

With a spar of this type the spar flanges are designed to 
take the bending moment only, and the torsion is taken by 
the ply covering. 

When there is no torsional covering the spar should be of 
the box type and designed to withstand the combined stressirs 
of bending and torsion, as explained on page 57, Chapter IV, 
for main plane spars. 

There are usually gaps in the torsion covering at the hinge 
positions, where the torsion is greatest, and the spar should 
be strengthened up at these points, by inserting blocks, or 
other suitable stiffening. 

The tail plane rear spar can then be dealt with. '.I'hc 
bending moment curves are obtained in a manner similar to 



Fixed Tailplanc 
Type. 
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that for the elevator with the additional elevator loads 
concentrated at the hinges. 

In the case of the pendulum type elevator, the loads at 
each rib are proportional to their chord and the bending 
moments are quickly found. 

The spar may be placed at the C.P. position which, for a 
symmetrical section, is situated at about one-quarter chord 
from the leading edge. 

If the C.P. may be assumed to remain practically stationary, 
as with the German method of stressing, torsion need not be 
taken into account. But if torsion has to be allowed for, the 
spar or tube connecting the elevator to the fuselage must be 
designed for this. 

Where a load curve, similar to Fig. 4 is used, the spar 
might conveniently be placed at the centre of pressure position 
of the front down load, so that the torsion is only the up load 
at the rear multiplied by its distance from the spar. 

Ribs 

The tail plane ribs are designed in a similar manner to the 
main plane ribs, but using the appropriate load diagrams. 

Drag Bracing 

The tail plane drag may be assumed to be one-quarter of 
the load. A suitable system of struts and bracings should 
be used, but where a plywood covering is employed over the 
tail plane leading edge this can be made to take the drag loads. 

Rudder 

The rudder is designed in exactly the same way as that 
described above for the elevators. 

Ailerons 

The design of ailerons is very similar to that descril:)ed for 
the elevators. The bending moment curves are obtained with 
the aid of the three moment theorem. The hinges can be 
spaced advantageously to keep the bending moment curve 
along the span proportional to the spar depth. 

The loading is taken as the portion over the aileron for 
the C.P.B. condition, or x area x factor for C.P.B. 
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The load curve is then assumed triangular, so that the 
maximum torsion equals, as before, L x 
where Ca= aileron chord. 

The torsion is taken either by a stiff leading edge, or in 
combination with bending loads, by the spar with suitable 
strengthening at hinge positions. 

Where there is insufficient depth of spar to resist the torsion 
loads over the part near the wing-tip, this can be overcome 
by employing a plywood covering, instead of fabric, for the 
outside few feet of span. 

This gives rigidity to the whole, is more robust for handling, 
and is not so liable to damage during wing-tip landings. 
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Control System and Main Fittings 

Control System Loads — King posts — Cables — Control Column, etc. — 
Fittings — Worked Examples of Fitting Design. 

Control System Loads 

The loads in the control system are calculated both by assum- 
ing certain maximum forces that may be exerted by the pilot 
and also by finding the actual aerodynamic loads on the 
control surfaces. 

No attempt is made to balance one against the other, but 
the loads imposed in the system, due to the surface loads 
necessary for manoeuvres, should certainly never exceed those 
the pilot is considered reasonably able to apply. 

Heavy loads are sometimes placed on the rudder bar, or 
pedals, which are never necessary for control purposes, and also 
in the case of a jam in the system the pilot may e^crt con- 
siderable force to overcome the blockage. 

The following conditions are laid down in the Air Ministry 
Handbook of Strength Calculations for aircraft of a tare 
weight up to 880 lbs., and are quite suitable as a basis for 
sailplane design : 

A factor of 1.25 is called for in the following cases : 

(1) A pull, or push on the top of control column, of 75 lbs. 

(2) A tangential force on the rim of the hand wheel of 40 lbs. 

(3) A side load on the top of the control column of 40 lbs. 

(4) A push on one side of the rudder bar of 150 lbs., and 

(5) A simultaneous push on each side of the rudder bar (or 
pedals) of 180 lbs. 

The maximum aerodynamic forces on the control surfaces 
have already been discussed. Assuming, in general, that the 
centre of pressure is one-third chord from the leading edge 
of the control surface and denoting the length of the king-post, 
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the cable attachment to the spar centre, by /, the cable 

p = where W = aerodynamic load. 

Dme modification is necessary for balanced surfaces or 
ibnormal feature, 

he loads imposed on the rudder cables by the pilot may 
iken as those given above, as the cables are generally 
hed to the bar, or pedals, close to the pilot's feet, but for 
levator and ailerons the loads exerted by the pilot must 

be multiplied by the gear ratio 
of the control mechanism. 

If the cable loads due to the 
aerodynamic forces approach 
those as found by the table 
above for the pilot, the machine 
will prove very heavy on con- 
but, on the other hand, if the elevator loads arc very 
in comparison, then the sailplane may be supersensitive 
wen dangerous. 



4j.- -CiJiilna Surface aiiU 
Cable Ltjads. 


he best control is one that needs little exertion by the 
, but has a sufficiency of '' feel." The friction of the 
i over pulleys, etc., should be borne in mind when design- 
he system, as the pilot has to overcome this as well as 
ir loads. 


j-Posts 

he king-posts, or control levers, are subjected to a bend- 
loment which is a maximum at the base, where it is equal 
e cable load multiplied by the king-post length. Suitable 
gthening against sideways failure should be arranged for. 
or safety, the cable load should be the value as found by 
deration of the forces exerted by the pilot, and the main 
in the control surface, together with the king-post attach- 
to it, should be capable of withstanding these loads. 

es 

he control cables should allow for possible wear or fraying 
stretching under load, and for this reason should have a 
ous factor of safety. For instance, if a force of 75 lbs. 
;umed to be exerted by the pilot on the control column 
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in a backwards direction and the geeir ratio of the column is 
live to one, then the cable load would be 5 X 75 =450 lbs., or 
563 lbs., say, with factor 1.25. 

A 5 cwt. cable would just carry this, but it would be 
preferable to employ a 10 cwt. cable. 

Control Column, etc. 

The control column, rudder bar and lever arms are sub- 
jected to simple bending, whilst the toi-'sion tube, if used, is 
subjected only to torsion. As this latter is generally a round 
tube the torsional resistance is easily calculated by the formula 
given on page 57. 

The parts adjacent to the control system should be capable 
of withstanding all reaction loads set up by the control forces, 
and the strength of all pulley attachments should be checked, 
the load on each pulley being obtained from the maximum 
pull in the cable for the particular control considered. 

Fittings 

The types of fittings used in sailplane work arc described 
in Part II, Chapter XIL The main function of most fittings 
is to connect two adjacent parts together and so to transmit 
the loads from one to the other. 

At the present time the most favoured material of con- 
struction is timber, with steel connection fittings, so that the 
load is, in general, transmitted from the timber to bolts and 
thence to steel plates. The steel plates arc joined by pins 
or bolts so that the load is again distributed to timber through 
more bolts. 

There are, therefore, several different stresses set up, all 
of which have to be checked. In most cases the following 
stresses need calculating : 

{a) Shear of timber. 

{/)) Bearing of bolts on timber. 

(r) and {d) Shear of, and bearing on, bolts by fittings. 

{e) and (/) Shear of, and bearing on, fittings by bolts. 

(g) Dii'ect stress in fittings. 

(h) and {j) Shear of, and bearing on, connecting pin by 
fittings, and 

(A) and (/) Shear of, and bearing on, fittings by pin. 
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Some worked examples will best illustrate the method of 
fitting design. 

The allowable values for stresses in spruce (A) and mild 
steel, throughout the calculations, have been taken as follows : 

Timber — Shear stress, parallel to grain . 800 Ibs./sq. in. 

Bearing stress . . . 3,000 Ibs./sq. in. 

Mild Steel — Shear stress . . . . 20 tons/sq. in. 

Bearing stress ... 3,8 ton.s/sq. in. 

Tensile stress ... 28 tons/sq. in. 



Fig. 44. — ^^Ving Spar Fitting — Darmstadt " Type. 


Case I. Spar Cojineciion Fittings . — Suppose a main plane 
spar connection fitting of the Darmstadt type, a.s Fig. 44, is 
9" deep, 2p' wide, with -J" deep flanges, and has to transmit a 
factored bending moment of 51,000 lbs. in., and a factored 
shear force of 540 lbs. 

If gauge of fitting is 16 S.W.G. and attachnumt bolts are 
3 B.A. with a connecting bolt or pin of !/ diameter, also if 
bolts are placed at the mid-llange position, then distance apart 
will be 9''-r = 8i", 


and load will be 6,182 lbs. 

8.25 

(b) Number of 2 B.A. bolts necessary for bearing on timber 
_ 6,180 

■“2.25X .185x3,000 
= 4.95 or 5 bolts. 


H 

I 
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(c) Number of 2 B.A. bolts required for shear of bolts 

6,180 

““ 2 X . 0269 X 20 X 2,240 
= 3 bolts. 

[a] If 5 bolts are spaced at i" centres, then the allowable 
shear of timber will be approximately 5 x i . 85 X 800 =7,400 lbs. 

It will be noted here that the shear has been taken as 
acting along one face only. With bolts of larger diameter 
shear would have been assumed along two faces, but it is 
doubtful if this can be allowed for small diameter bolts. 

(rf) and (/) The bearing area of bolts on fittings and vice 
versa are equal, being for two plates 

2 X . 064 X 5 X i =0 . 1184 sq. in. 

and allowable load=o.ii 84 X 38 X2,240=io,o8o lbs., taking 
the steel strength in bearing as 38 tons/sq. in. for both. 

[e] The shear resistance of fittings need not be checked 
in this case as it is obviously of a high value. 

[h) Allowable shear load on Y connecting pin 


X (.5)“ X 20x2,240 = 8,800 lbs. 

4 

{j) and (/) 'riic bearing areas of pin and fitting lugs necessary 
6,180 

= = 0.0727 sq. m. 

38x2,240 ^ ^ ^ 

and thickness of lugs for Y' diameter pin 


. 0727 

— ^ =0.1454" or .0727" for each of 2 lugs. 

Now the 16 S.W.G. lug has a thickness of only 0.064" 
this must be thickened up by brazing on another plate or 
washer. 

As this part is subjected to wear, both in flight and in 
erection ami dismantling, it would be well to use a plate of, 
say, 1/16" thick. 

The total thickness is then 0.125", say. 

[k) The shear of the lug by the bolt takes place along 
two faces. If the radius of lug (or, in this case, the distance 
from the bolt centre to outer edge of lug) is 1.5 x diameter of 
bolt, then allowable shear load for 2 lugs 

= 2 X 2 X .5 X .125 X20 X 2,240= 11,200 lbs. 
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{g) Lastly the width of lug necessary, assuiiiing the single 

thickness here, will be - — =0.77" and the 

2X28X2,240X .064 

width of lug at the base should be increased by the hole dia- 
meter, but in this case it is rendered unnecessary by the 
addition of the thickening washer. 

With this type of spar joint, in which each ilange is box(‘d 
with separate fittings, there is a tendency for the flanges to 
come apart, due to the variation of loading, and to previnU 
this steel tension straps connecting the two flanges are often 
provided. This is shown in Fig. 44. 

Assuming a factored shear load of 540 lbs., it is quickly 
seen that a 16 S.W.G. strip of Y wide steel, held to eac'h 
flange fitting by an extra 2 B.A. bolt at each end, will easily 
carry this load. 

The design of the '' Professor type of spar joint is similar 
to the box type, except that the joint pins go from front to 
back in a horizontal position instead of vertically. If the pin 
position is situated at the mid depth of flange, all loads and 
stresses are similar, but if the pins are placed closer to tlu' 
centre of the spar, then the resisting moment is decreased with 
a consequent increase of the loads in the lugs and pins. 

Case 2. Spar /Fuselage Connection Fittings . — ^The fittings 
on the main plane spar and fuselage bulkhead are generally 
similar (see Figs. 109 and no), with the exception that one 
may be divided to form a jaw for receiving the other. 

The fittings are placed in tension (or compre.ssion) for 
normal flight and the nose dive case, the loads to be trans- 
mitted being equal to the shear forces on the spars. 

In some cases the drag, due to the wing, may be of import- 
ance. It acts at right angles to the lift loads. 

For cantilever machines the forces in a bank, or side-slip, 
should also be considered, as well as wing-tip loads for handling, 
or in wing-tip landings. 

For normal C.P.F. flight the load is a tension one of, say, 
900 lbs. with factor. For the L.N.D. case, if a torsion vahi(‘ 
of 20,000 lbs. in., for each plane, is assumed (.see page b;,, 
Chapter IV), and the distance from leading edge to main spar 

is 18", then the up load on the sjoar will be x,i 10 lbs. 
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In a sustained bank, or side-slip, there may be a load in 
the fittings due to the weight of body multiplied by tlie hori- 
zontal offset in that position, say WbX<^. If the fittings 
connecting fuselage to wing are in. apart, then the fitting 

load, P 

d 1 

d is not likely to be more than 2 which gives a value of 
p ==2 Wb> without any factor. This will act in tension on one 
side and compi'ession on the other. 

If the body weight is taken as 300 lbs., V =^600 lbs. (or 
1,200 lbs. with a factor 2). 

Considering lastly the wing-tip load of no lbs. in a direction 
parallel to the chord and neglecting the leading edge con- 
nection to the fuselage, then if the semi-span =27 ft., and 
fuselage fittings are g" apart. 


110x27x12 

P= - -y = 3 . 9 ^>o lbs. 

And this is a force which tends to shear the connecting pins. 


Using 2 B.A. bolts, jj" connecting pins, and a bulkliead 
thickness of i'', the number of bolts re(]iiired for the tension 
cast' is : 

(/;) by bearing on timber _ 2.16 

IX. 185x3, 000 

(c) by shear of bolts 1,200 '^85 

2 X .0347 X20 X 2,240 

Hence three 2 B.A. bolts should be used. 


(t?) Shear of timber, allowable load for 1" spacing of bolts 
=^3 X I X 800 =2,400 lbs. 

{d) and (/) Allowable bolt and fitting bearing stress 
=2 X . 064 X 3 X X 38 X 2,240 ^-5,890 lbs. 

(A) Shear load on pin. Here the load t)f 3,960 lbs. due lo 
the wing-tip landing case is used. 

Allow^He X’' <-375)’ X 2 , 24 ,, ^ 

4 

(j) and (/). The bearing load for pins and lugs need not lie 
checked here as the areas are large. 


r 9,900 lbs. 



94 


SAILPLANE DESIGN 


Owing to the greater thickness of the spar a smaller numlx'r 
of bolts may be employed, but for the sake of general robust- 
ness it would be a doubtful economy, in fact for cantilever 
wings the loads in cross-wind landings, handling, etc., are 
likely to be greater than those designed for, so that it is usual 
to make these connecting liftings of considerably greater 
strength than is shown ncce,ssary by calculations. 





Fig. 45. — The “ Stork ” in Sailing Flight. 


[To face page 95 . 



CHAPTER VIII 


Unusual Designs and Auxiliary Devices 

Tailless Sailplanes — Ornithopters — Air Brakes — Slotted Wings — ^Multi- 

Slots — The Possibilities of Sailplane Wings of Bird Form — 

Soaring Birds. 

Tailless Sailplanes 

Tailless design would appear to be especially suitable for 
sailplane purposes on account of the inherent low resistance 
and weight and, indeed, from the experience so far gained there 
seems a very promising future for this type of machine. 

Until recently it had been considered essential to give 
considerable sweepback to the main planes in order to place 
the elevators, or their equivalent controls, at some distance 
l^ehind the centre of gravity of the machine so that sufficient 
leverage could be obtained for manoeuvring purposes. In 
other words the actual '' tail volume,'' or tail area multiplied 
by the lever arm, was made to compare as favourably as 
practicrffile with the usual control figures for normal machines. 

Lately, however, machines have been built with sweep- 
back to the leading edge only, and even with no sweepback at 
all. In such cases both the aileron and elevators are situated 
along the trailing edge and the movement of the elevators is 
exactly opposite to that of the elevators placed at the tips of 
swept-back wings. 

The I'eason for this is as follows : In normal aeroplanes 
and swept-back tailless aircraft a decrease in the incidence 
of the tail or elevators causes the tail to fall, thus placing the 
machine in a climbing attitude, and in consequence the machine 
tends to rise, whereas with a tailless machine, having no sweep- 
back, a climb is obtained by increasing the lift of the main 
planes, and this is done by depressing the elevator, which in 
effect increases the incidence. 

The latter method is a positive action only, giving extra 
lift, and is accompanied by no downward force such as is 

95 
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inevitable with iiunnal types where extra lift is gained at the 
expense of a negative or reduced lift on the tail. 

A necessary characteristic of the tailless aeroplane is a 
small range of movement of the centre of pressure over tlu‘ 
normal flying angles obtained by a wash-out of the. wing 
towards the tips, or else by employing a wing section having 
a constant centre of pressure position. This is a decided 
disadvantage, as wash-out is accompanied by a loss of efficiency, 
and known aerofoils with fixed centres of pressure, often 
symmetrical in section, have low maximum values of lift 
coefficient. Some wash-out towards the tips is sometimes 
incorporated so that the wing near the ailerons remains 
unstalled after the central portion stalls. 

In the orthodox type of aeroplane the upsetting moment 
due to the change of centre of pressure position is compensated 
for by the tail plane and elevator, the latter being sometimes 
called the stabiliser for this reason. Owing to the considerable 
leverage of the tail, only small angular movements of the 
elevator are necessary to counteract this upsetting force for 
all normal manoeuvres, and a reasonable reserve of power is 
available for emergencies or more violent manoeuvres. 

The lever arm cannot very well be made as long on swept- 
back tailless machines, and with tailless craft having no sweep- 
back at all the elevators have no leverage about the lateral 
axis, and therefore a stationary centre of pressure is essential for 
stability purposes. 

The tailless design suffers from one other disadvantage', 
although this is compensated for, to a certain extent, by extra 
beneficial qualities which are generally gained as a result. 
This refers to the rudder position, which has to be on or ncair 
the wing-tip in order to obtain sufficient turning leverages, and 
as turning is obtained by exerting a drag on one side, it 
becomes essential to have two rudders, one on each tip. lliesc' 
cannot be used together for a turn or their effects would be 
neutralising, and a turn to one side is therefore made l)y 
moving the rudder outwards on the side to which the turn is 
desired. 

Thus it will be seen that the parasitic drag of two rudders 
cannot be avoided, although only one can be used at a tinu' 
for turning. 

This arrangement, however, has two distinct advantag('s. 
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In the lirst place both rudders may be used together to foiiii 
an efficient air brake so as to increase the gliding ang e am 
so lacilitate landing in a confined space, and, secondly, w len 
the rudders are placed at the extreme wing-tips they act also 
as a check to the air flowing from the underside of re wins 
to the above and, in this way, end losses are very much le ucec . 

Attempts have been made to overcome the resistance 01 
the rudders, when not being used, by employing split ailerons 
SO that they can be made to open like a jaw and tniis p ace c 
drag on that wing or, alternatively, the wing-tip itself may be 
split in til is way so that when not in use as a ruddei it supp i - 



a usidul lift and does not therefore constitute a parasitic drag 

in(‘in]}er. . 

A sailplane 011 these lines has been produced in Germany 
])y In*. Kuppu'r, and is shown in the illustration. J he wings 
arc cantilever, have slight sweepback, and slight tapei \vi i 
an area of about 130 sq. ft., and an aspect ratio of 13, anc aic 
supported on a small centre section built rigidly to the nacelle. 

Owing to the simplicity of constimction the wenght is very 
low, being only no lbs., and the machine is certainly a yalua e 
contribution towards the solution of true soaring mght. 

An interesting feature of this machine is the iiner et 
control coluniip which is suspended from the top of the cockpi 
wIk'H' llit're is a universal joint, and a system of pn e^s o 
eiv(‘ lh(‘ iiec'essary aileron and elevator controls. 

Althongh this method simplifies tlie control system, in 
that the cables pass straight out and into the wings, 1 is no 
to be recommended owing to the peculiar movements o’ c 
control stick. For example, it may be fairly natuia o pii 

the stick backwards and upwards to climb, but pushing 01 wa c. 

n 
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and upwards to execute a dive does not appeal and seems 
wrong. 

Other tailless machines built in Germany, to the designs of 
Lippisch, have included the '' Storch and the vSchwanz- 
lose/' The former had slightly tapering wings and a certain 
amount of sweep-back and dihedral. Rudders were situated 
on top of the wing-tips and only one pair of control surfaces 
was fitted to the trailing edges to take the place of both ailerons 
and elevators. This machine was later fitted with an 8 horse- 
power engine and atti'acted much attention by its high top 
speed. 

The Schwanzlose " is a two-seater, which has also llown 
as a power machine and, in the same way as the Storch/' 
was first produced and tested as a model, to about one- 
sixth full scale, giving a span of about 8 ft., and after 
certain modifications, that appeared desirable, had been 
made, it was reproduced full scale and flown as a glider. The 
engine was fitted after successful flights as a sailplane. 

The span is about 45 ft. with chord decreasing from 9 ft. 
at the centre to 2 ft. 3 in. at the tips, giving an area of about 
250 sq. ft. and an aspect ratio of 8. It is claimed that the 
low resistance resulting from the simple structure without a 
tail unit, together with the reduced end effect losses, give the 
machine a performance equivalent to that of a normal machine 
with an aspect ratio of 20 and a gliding angle of i in 20. 

The Schwanzlose " is a cabin machine, and as the wing 
is about 2 ft. deep at the centre, where it forms the top of the 
cabin, the actual nacelle is quite small. Dihedral is obtained 
by making the top wing surface flat so that the lower surface 
slopes up towards the tips. 

Sweepback is given to the leading edge only, the trailing 
edge being perpendicular to the longitudinal axis in plan. 

These designs are especially interesting and provide an 
important example of the value of gliding as a link between 
the drawing office and the efficient aeroplane. 

Ornithopters or Flapping Wing Machines 

The project of flight in which propulsion is obtained by 
means of the up and down movements of wings, closely re- 
sembling that of birds, has received a certain amount of 
attention ever since the earliest attempts at mechanical llight. 




[Y'c; fare 
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Many years ago a ilappiiig inacliiiie, or oriiiLliopter, was 
built to be driven by means of a powerful steam engine. Each 
wing was supported at approximately its central position by a 
rod connected to a piston working in a large cylinder. The 
machine never left the ground owing to the tremendous power 
required to move a wing up and down in this way, and experi- 
ments of such a nature were dropped for a long time. 

Of recent yeax's, however, the subject has rcceived a revival 
of interest. Captain Dibovsky, a Russian aiiinan, after watch- 
ing, both from the ground and from the air, the flight of eagles 
in the Caucasus mountains, commenced to construct models 
based on a new principle. In the same way as control sur- 
faces of aircraft are balanced by placing the hinge position 
back Irom the leading edge, or closer to the centre of pressure 



of the surface, in order to lighten the load to be expended by 
the pilot, Dibovsky thought of balancing the wings so that 
only a small force would be required to actuate them. 'I'liis 
was successfully demonstrated with a number of models he 
built, although he has not yet succeeded in adapting the 
principle to human flight. 

The apparatus consisted essentially of a pair of wings 
hinged at the centre so that up and down, together with a 
certain amount of foi*e and aft, movements were available. 
The main spar of each wing extended below the other plane 
for a distance of about one-third of the semi-span and a piece 
of elastic material, or a spring, connected from the end to 
the centre of pressure point of the other plane. The tension 
of the spring was adjustable. 

When in flight the weight of the pilot, etc., causes the body 
of the machine to sink, but the resistance of the wings by I'etard- 
ing the downwai'd motion tend . to close them up to some extent, 
causing extensions of the springs. A force is now exerted to 
bring the wings down again into a horizontal position, which is 
assisted to a considerable extent by the return action of the 
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springs, and in this way llio (lapping iiiuiiuii can ho cuiitiiiuo 
by the exertion of very little effort. 

Dibovsky maintained that such a macliine could 1 
flown for long distances by means of man’s own ])()wc‘r, whir 
could be transmitted through pedals. One disadvanlag(‘ ( 
the method is the difficulty of obtaining an eflicient design ( 
account of the projecting spars. 

Another design, based on a similar principle, employs ; 
before, wings hinged at the centre, together with a large Je 
pattern spring mounted above the wings and held down ; 
the wing privoting point. (See diagrammatical sketch, lug. .-i ( 
The manner of working is the same as previously explaine 
and this method also suffers through the air resistances raus< 
by the drag of the spring. 



Ftg. — Flapping Wing Device. 


Still another method of obtaining a solution to the probk 
of pulsating flight has been devised by Batten,^ in which 1 
wings are again pivoted at or near the middle, and which i 
restrained from upward movement by some equivalent 
a bird’s muscle. In his experiments (see Fig. 50), artiiic 
muscles, or torses, were formed by skeins ol natural silk, 
wound round a rod, B, with a lever, C, rigidly atlaclu'd 
right angles to B. A heavy weight, 1 ), was lixed on to 1 
lever arm, which latter was set into a horizonlal ])()silioii 
tightening the twist of the torses. I'he weigliU'd levc'r is 
into oscillation by gentle twisting of the bar, B, with 
operator’s finger-tips, so that a weiglit of Oo lbs., situated 5 
out, could be oscillated 100 times through a height (,)C 5 
without fatigue on the part of the operator. In this v 
a regular series of beats is obtained. 

The silk used for this arrangement consisted of 10 sk(‘i 
weighing only 2 lbs., and after 5 years’ service the silk was 
unfrayed and had lost nothing in strength or resilieiuu‘. 

Such an apparatus, in modified form and acting in 
reverse direction, of course, has obvious possibilitiiis 
^ See/Dj Approach to Winged Flight, by J. J). Uatlcii, j)al)Ii.slic(t in i‘, 
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ornilhopter flight. For instance, by adapting the arrangement 
shown, without any main alteration and assuming the period 
of beat is suitable, the torse weight for each wing would be 
somewhere in the neighbourhood of 20 lbs. 

In Germany the problem has received a certain amount of 
attention and some practical results achieved with a measure 
of success. 

Dr. Brustmann built a flapping machine with which short 
flights were made during 1925. Encouraged by these results, 
and incorporating the lessons learnt with the first machine, 
a second one, a sailplane of some 33 ft. span with a wing area 



I'Ui. 50, r>;Llt('ii’h I'lxiHT! Him Ih lor Mighl. 


of 13)0 sep ft. was produced by i()28. Although complete 
success lias not yet been attained, this may he claimed as the 
first ornitliopter sailplane capable of flight. 

The machine is not unlike a normal intermediate type sail- 
])lane, having tapering wings and the usual tail unit, but the 
main planes arc hinged at the centre to allow up and down 
movement and arc braced by a pair of struts, one to each plane, 
'fliese struts attach just behind and below the pilot. No lateral 
c'ontrol was jirovided, but side movement of the control column 
actuated the rudder. 

The sailplane was first tested out on the level as a normal 
glider, and had a similar performance, after which flapping 
ilights were carried out, which increased the speed and about 
doubled the distance possible with fixed wings. 

The machine is still being tested out at the Wasserkuppe, 
from which useful data on this type of flight is being acquired. 
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springs, aiul in tliis way llu‘ Happing niuiiuacan be cuntiriued 
by the exertion ol very Utile effort. 

Dibovsky maintained that such a machine could be 
llown for long distances by means of man’s own ])ower, whiNi 
could be transmitted through pedals. One disadvantagi' of 
the method is the difficully of obtaining an t‘flicient design on 
account of the jirojecting s])ars. 

Another design, based on a similar ])rinciple, employs as 
before, wings hinged at the centre, togetlicr with a large leaf 
pattern spring mounted above the wings and held down at 
the wing privoting point. (See diagrammatical sketch, Fig. 49.) 

The manner of working is the same as previously explained, 
and this method also suffers through the air resistance caused 
by the drag of the spring. 
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Still another method of obtaining a solution to the problem 
of pulsating llight has been devised by Batten, * in which tlu' 
wings are again pivoted at or near the middle, and which are 
restrained from upward movement by some equivalent of 
a. bird's muscle. In his experiments (see Fig. 50), artiticial 
muscles, or torses, were formed by skeins of natural silk. A, 
wound round a rod, B, with a lever, (', rigidly attaclu'd at 
right angles to B. A heavy weight, D, was hxc‘d on to the 
lever arm, which latter was set into a. horizontal [)osition by 
lightening the twist of the torses. J lu' w<'ightt‘d lever is st'i 
into oscillation by gentle twisting ot the l)a.r, F>, with tlu' 
op(n'ator’s finger-tips, so that a. weight of ()o li)s., situated 5 It. 
out, could be osdllalt'd 100 times through a height of 5 ft. 
witliout fatigue on the [)art of the o[)(‘rator. In this way 
a, regular series of beats is obtaiiietl. 

The silk used for this arraaigi'inent consiste.d of 10 ski‘ins, 
weighing only 2 lbs., and aJ’ter 5 years’ service the silk was still 
unfrayed and had lost nothing in strtuigth or n^siluaice. 

Such an apparatus, in modilled form and acting in the 
reverse direction, of course, has obvious po.ssi])ililies for 

' Sc(‘ An Aplnunicli to W’in^i'tul J'liyjit, by J. D. imblir.hfil in ejjS. 
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ornilliopter flight. For instance, by adapting the arrangement 
shown, without any main alteration and assuming the period 
of beat is suitable, the torse weight for each wing would be 
somewhere in the neighbourhood of 20 lbs. 

In Germany the problem has received a certain amount of 
attention and some practical results achieved with a measure 
of success. 

Dr. Brustmann built a flapping machine with which short 
nights were made during 1925. Encouraged by these results, 
and incorporating the lessons learnt with the linst machine, 
a second one, a sailplane of some 33 ft. span with a wing area 
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of I ;o S(|. ft. was produced ])y i()28. Although complete 
suctx'ss has not yet been attained, this may be claimed as the 
first ornithoptcr sailplane capable of flight. 

The machine is not unlike a normal interinediale type sail- 
l)lane, having tapering wings and the usual tail unit, but the 
main })lanes are hinged at the centre to allow up and down 
movement and are braced by a })air of struts, one to each plane. 
irh(‘si‘ struts attach just behind and below the ]iilot. No lateral 
control was provided, but side movement of the control colnmn 
actuated tlu‘ rudder. 

'J'he .sailplane was first tested out on the level as a normal 
glider, and had a similar performance, after which flapping 
(lights were carried out, which increased the s])eed and about 
doubled the distance possible with fixed wings. 

The machine is still l)eing tested out at the Wasserkuppe, 
from which useful data on this type of flight is being actpiired. 
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^ That the value of pulsating wings as a source of energy for 
gliding is receiving wider attention is shown by the fact that 
some notes dealing with the subject have recently been 
published by Prandtl. 

Air Brakes 

There are a few instances of air brakes being supplied to 
sailplanes, and these have taken three forms. 

The first type is the rudder brake, which can only be used 
when twin rudders are fitted, and which is brought into 
operation by the actuation of both rudders at the same time 
and in opposite directions. 

The second method employs a spoiler arranged along the 
leading edge which can be opened at the pilot's will so that 
the air flow over that part of the main plane is spoilt, causing 
a loss of lift and extra drag and hence a coarser gliding- 
angle. 

A third form is obtained by splitting the rudder or aileron 
control surfaces in such a way that they may be opened in the 
manner of jaws and thus cause a drag. 

Still another way of obtaining braking, sometimes used 
with power aircraft, but which has not yet been incorporated 
on sailplanes, consists of so arranging a pair of struts that they 
may be rotated through a right angle, thus presenting their 
larger surface towards the air flow. 

Considerable difficulty is often experienced in bringing a 
sailplane in to land over a region subjected to up-currents, 
and if the stretch of ground is restricted in size the descent may 
be somewhat hazarclous. The effect is similar to landing a 
normal aeroplane with engine j^artly on. 

This is where the air brakes are of sucli assistance, and it is 
certain that the number of damaged machines could be 
materially reduced by the universal fitting of suitable braking 
devices. 

The use of twin rudders for brakes is quite sound as, even 
when ojxu'ated as l)ra,kes, their noiinal functioning powers arc 
still available. A turn can be made whilst braking by releasing 
the rudder on the side 0]'>posite to that in which the turn is 
required. 

Wing spoilers are very effective, but care should be exercised 
to place them so that the air How over the ailerons and elevators 
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is not affected, and for this reason the best position is half-way 
along the span between the fuselage and wing-tips. 

Air brakes constitute a valuable asset, but their action is 
really negative, and it would be much preferable to fit a positive 
action device such as the well-known slotted wing. 

This would allow slow landings to be made with safety, 
apart from which it has many other advantages, as outlined 
below, and recommends itself as being far superior to brakes 
and spoilers. 

Slotted Wings 

Up to the present no case has been known of sailplanes 
having been fitted with wing slots, although it would appear 
that such a step would constitute a very valuable development. 

The advantages of slots may be stated as an increased lift 
with higher stalling angle, combined with the retention of 
lateral control beyond the normal stalling point, all of which 
are very desirable qualities for a sailplane. 

The greatest use of slots up to the present has been for the 
improvement of lateral control, for which purpose the auxiliary 
aerofoils are fitted along the leading edges in front of the 
ailerons. When the main plane stalls, or more accurately just 
before stalling point, the slots open and the air flow over 
those parts of the wing behind the slots continues to act in 
a normal way, without serious burbling, so that not only is 
the lift retained, but also good aileron control is still available. 
In this way spinning, the inevitable product of a bad stall, is 
prevented and even voluntary spinning is made difficult. 

When there is little wind and soaring is difficult the sail- 
plane pilot is tempted to hold up the nose of the machine in an 
endeavour to retain his height, with the result, quite often, 
that he stalls and spins. Actually the resulting spin is flat 
and fairly slow, so that even if there is not sufficient height to 
right the machine and for flying speed to be regained, the result- 
ant crash is seldom serious for the pilot, although, of coupse, 
the sailplane is generally badly damaged. 

From this it will be seen that partial slotting of sailplanes 
appears desirable. Furthermore good lift qualities ^ are so 
essential a feature of engineless aeroplanes that the increase 
due to slots along the whole leading edge would seem a decided 
advantage, especially on such occasions when the wind velocity 
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is rather low. When a gust of wind reaches Uie inachine it 
is usual for the pilot to pull back the control stick slightly 
to obtain the maximum height from the gust, but if he fails to 
notice when the gust dies down he is left holding the iiuicliiiu' 
in a stalled attitude and the result is generally a loss of height. 
If, however, slots were fitted the stall would be avoided by 
their opening, and this would give the pilot sufficient warning 
to ease the stick forward. 

The best arrangement would appear to be one in which the 
main slots open first with a delayed motion of the aileron 
slots, since this would best ensure safety, and this could b(' 
accomplished either by arranging the setting of the slot pivots 
for the desired effect or by a wash-out of the wings at the ii[)s 
as explained earlier in the chapter, in coniU‘clion with laill(‘ss 
aircraft. 

Multi- Slots 

Some experiments have been carried out in connection with 
multi-slots, and these have shown that a large increase in lift 
can be obtained by this method. There is not the slightest 
doubt that such an arrangement would be of enormous benefit 
in sailplane design. 

The increased drag would not be serious, providing a good 
figure could be obtained for L/D, and the slower speed gained 
through the high lift values would enable the machine to stay 
in the region of the best up-currents without the usual loss (if 
height occasioned through passing beyond the most (‘hecliva' 
region, and again due to the banked turn cxecuh'fl in an ailcanpl 
to regain the rising air currents. In other words, (lu‘ pilot 
would be able to hover over one spot, without apparent inovi*- 
ment, until maximum height had been oblaiiK'd, whilst any 
slight lateral instability would be checked by the automat ie, 
aileron slots combined with the natural stability of ihv 
inachine. 

^ Having gained the greatest height from any oiu^ ngion of 
rising air the pilot would depress the nose of llie sailplaiui and 
thus close the slots so as to trcinsform the macliiuc into a ('lean, 
efficient glider, capable of high speed by virtue of tlu' sinali 
main plane area in the closed condition. This would tmahlt' a, fast 
glide, down wind for preference, at the optimum angle of descamt 
to the next hill or other source of lift where he; would ourv. 
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again face into the wind, open the slots, and repeat the process 
of gaining height. 

This, in effect, is exactly the procedure of birds, and it is 
most significant that all soaring birds are supplied with well 
defined slots. 

There may be eertain structural difficulties to be overcome 
before such a machine can be produced, but these should be 
by no means insuperable, and there seems little doubt that the 
principle will be adopted before long in sailplane design. 

The landing and take-off qualities would also be very 
materially improved and landings would be made even safer 
than at present, owing to the low speed. 



l-'uL 5i.-— Multi-slot Sailpkine. 


Still another advantage to be derived from the multi-slots 
rests in the smaller wing surface area that would be required 
and the consequent smaller span. The ultra-large spans of 
twisting sailplanes are undesirable both for flying and housing 
purposes whilst the present line of development is producing 
still larger spans. 

Ailerons should prove unnecessary with multi-slots, as a 
turn would be made by increasing the lift of one wing through 
the opening of slots or, alternatively, if the slots were already 
open a decrease of lift would be caused on the opposite side 
by closing the slots on that side. 

Such a scheme as has been outlined would lead the way for 
a similar design to be introduced for powered flight and would 
once again prove the usefulness of sailplanes as a means of 
research. 

The possibility of a tailless multi-slot sailplane, combining 
the adva.ntagcs of slots with those of tailless craft, should not 
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be overlooked. In this case elevators also would be rendered 
superfluous, height being gained or lost by opening and closing 
the slots. The only essential control would be a rudder, or 
rudders, and even this might be eliminated by arranging for 
the extreme auxiliary aerofoils on each wing-tip to act as 
spoilers. 

The Possibilities of Sailplane Wings of Bird Form 

Hitherto it has been considered impracticable to imitate 
more closely the bird's wing structure in aeroplane design, 
although some of the earliest attempts of flight were made 
along these lines. The progress of aviation seems to have come 
nearly to a standstill as far as the general principle is concerned, 
and present-day improvements are mainly concerned with 
engines and better streamlining of structures, so that it imiy 
well be that the working out of some new principle will l)c^ 
necessary before aviation becomes a complete commercial 
success. 

The disadvantages of the present design are the large spans 
and wing areas of machines built for passenger carrying or 
freight purposes, and even these are only capable of lifting a 
few tons, at most, of useful load, whilst it cannot be claimed 
that aeroplanes are completely safe for general use on account of 
their fast landing speed, length of run on landing, and their 
liability to stall to earth alter losing flying speed. 

The great majority of accidents are due to stalling near tlu^ 
ground or through the lack of a suitable landing space after 
engine failure. 

How far can these defects be obviated by a closer imitation 
of nature ? 

Before considering the bird’s wing it is well to bear in mind 
that it has to fulfil at least two other purposes besides that 
of sustentation in flight, and it is somewhat difficult to analyze 
the shape and distribution of a wing according to the demands 
of the different qualities. 

ThCwSe two requirements are firstly the means of propulsion 
and secondly folding. For the former the wings must be capable 
of flapping and be efficient as a propulsive mechanism, whilst 
the latter quality requires that the wing when folded .should 
fit tightly and neatly round the body both for compactness 
and warmth. 
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The Formation of a Bird's Wing . — The feathers of a wing 
may be divided into four parts : {a) The primary feathers foi'in 
the outer half of the wing and can be spread out to form 
individual aerofoils for slow speed and climbing puri)oses. In 



this condition they extend as nearly perpendicularly to the 
body axis as the joint to the wing member will allow and thus 
form an efficient multi-slot device. The shape of these feathers 
is shown in Fig. 54, where it will be noticed that the gap, or 
slot, between the feathers is very deftnite in its formation, 
although this is not so pronounced in all cases. The 
length of the slot extends along the outer third of each wing 
and in some cases is even greater. 



Wdicn the primary feathers are in the open position the 
lift is very considerably increased, causing the shafts to flex 
upwards towards the tips, and as this is more pronounced on 
the front quills the resulting arrangement is similar to that 
shown in Fig. 55. 

Another point of interest is that the supporting shaft is closer 
to the front than the back so as to be near the position of the 
centre of pressure and so avoid any undue twisting of the feather. 
It will also be noticed that the leading edge of one feather 
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goes over the trailing edge of tlic one in front, whereas in multi- 
slot experiments the opposite has been the case. 1 f, however, 
small aerofoils could be made of quite thin sections it might 
be advantageous to copy the bird in this respect. primary 

feathers are used for propulsion and arc sometimes nd'erred to 
as rowing ” feathers. 

(&) Secondary Feathers , — The secondary feathers constitute' 
the larger part of the wing and extend from the main membt'r 
almost straight backwards to form a. flexible trailing edge. 
This is of importance, as local uneveness in the air slructiii'c' 
deflects the trailing edge and does not aflect the stability of 
the bird as a, whole. This ]u)rt forms 
with the wing membt'r tlie main lifting 
surface. 

{(') The alula or '‘false 'iciiiy featlu'is 
which extend outwards along tlu' leading 
edge are generally sittia ted at about tlu' 
mid-span of the wing, or slightly inwards, 
and occupy about one-quarter of the 
length of the leading edge. 'riu'se 
feathers constitute an exact equivalt'iii 
of the slotted wing of aeroplane', practit'c 
and arc used in the same manner. 

{d) These small cumrl feathers give 
the finish to a wing. They are fairly mimcrous, act as a fairing 
to the actual limb, complete the aerofoil section of the main pa vi 
of the wing, and arc necessary, no doubt, for wa.rmtli. 

lo'om all that has bec'ii said it is seen that a bird cam iisr 
its wings for sustentation over a large range.' of sjk'c'cIs. I( 
docs not seem quite clear why the alula featlu'rs do not c'xlc'iid 
over the inner portion of the wing, but it will be iiotica'd (bal 
with most birds there is a reduction in chord towards tlio 
centre, so that the chief portion is slotted, whilst tlu' outer 
part has the multi-slot arrangenuuit of the jirimary lejdbc'rs. 
It may possibly be that the inner ])ortion cannot \h\ twistc'd 
through a large angle and is in conseciuence lU'vt'r stalh'd. 

It might be asked why the whole wing is not on tlic^ multi- 
slot principle, and it appears very prolxil)le thaJ: this would 
have been the case but for the rccpureinents of folding imd 
proiDulsion and the almost im])ossible arrangenu'nt that would 
be required for the muscular system. 
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LUg. 55. 

Primary Feathers in 
Open Position. 
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A further point of interest in connection with birds' wings 
is that the amount of camber decreases towards the tips, 
which suggests that the inner portions are designed for high 
lift and therefore constitute the main supporting surface, 
whilst the tips are shaped with small camber for high speed 
and are suitable for propulsion. 

Considering the several functions of a bird's wing, the 
natural arrangement is undoubtedly a very efficient design. 



Suggested Layout for Multi-slot 
Sailplane 


feathers 

Open 





Feathers 

Closed 


Die problem then is to extract only tliose features necessaiy 
for snstentation and to expand the use of these witlioiit being 
tied down by the enforced limitations as obviously exist in the 
case of birds' wings. 

The ideal aeroplane wing would appear to consist of aero- 
foils of small chord and high aspect ratio capable of acting 
independently, when opened out for slow ilight, and forming 
one aenhoil for high speed in the closed condition. Up till 
now this has been regarded as impossible of attainment on 
account of the structural difficulties, but these could be over- 
come, and it may be that the sailplane will be the means of 
showing the way. 

Eventually it may be that the whole main plane will consist 
of multi-aerofoils, or feathers, capable of being opened or dosed 
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at the pilot's will, or automatically, depending on the llight 
attitude and the speed of the aircraft, but before reaching that 
stage a natural stepping-stone would be a closer imitation of 
the bird's wing as regards the plan lay-out. 

The slotted wing is now perfected, corresponding to the 
false wing or alula, and the next stage is the adoption of the 
primary feathers. Fig. 56 shows a suggested lay-out for a 
sailplane incorporating the wing slot and wing-tip '' feathers," 
together with sections through the wing in both the open and 
closed conditions ; these being equivalent to slow speed, or 
soaring, and high speed respectively. 

Whether the most 
efficient arrangement 
is with the leading 
edge of each feather " 
over or under Ihe 
trailing edge of the 
one in front is not 
known at present, but 
this could soon be de- 

Fia. 57. -^Multi-ac'rofoii WiiiK S<'( (i(in. cidcd by wind tunnel 

experiments. A cleaner 
outline to the whole is obtainable with the latter arrange- 
ment (see Fig. 57), but, with the former, the incidence of each 
successive small aerofoil increases towards the rear, and they 
are thus well positioned, for high lift, iminedialely opening 
takes place. 

As regards shape, the " feathers " should be so ari'angt'd 
that each has a high lift wing section for the open condition and 
should form, as far as practicable, a high speed aerofoil section 
when closed. 

The construction could be quite simple, consisting of a main 
tube, or spar, situated at one-third chord from the front, with 
a stiff covering of plywood, light metal, or other snitahh* 
material. The weight of such an arniiigenuait ne(‘(t not \)c 
excessive. 

Soaring Birds 

Careful examination of the shapes and lay-out of the wings 
of soaring birds is recommended, besides which much can be 
learnt from their methods of soaring. The following is a list 
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of the chief soaring species : albatross, eagle, gull, vulture, 
kite, falcon, conder, hawk, kestrel and the common crow. 
In England the most common examples are, of course, the gull 
and crow, whilst hawks are also fairly numerous, but keep to 
the more uninhabited parts, and are generally found in hilly 
districts. 

The gull is a beautiful and inspiring sailing bird, but being 
a sea bird is not seen much inland. There ai'c nearly always 
a few gulls following a steamship, and they may be seen gliding 
gracefully along for mile after mile with scarcely any flapping 
of wings, except an occasional movement for stability purposes. 
The heat from the ship’s funnels causes an upward flow of 
the surrounding air, thus making continuous soaring an easy 
matter. These flights often continue all through the day and 
night, so that the birds may cover thousands of miles in a few 
days with very little effort on their part. 

Long sailing flights in the cliff up currents may be witnessed 
when the wind is blowing in from the sea. By this means the 
sea-gulls travel many miles up and down our coasts. 

The common crow abounds almost everywhere in this 
country. It appears rather cumbersome and slow, and retains 
the primary feathers in the extended condition most of the 
time, both for soaring and flapping flight. Crows may be 
seen soaring, often in numbers, along a belt of trees, a cliff, or 
hillside, and where these face into the prevailing wind they 
become regular haunts with the nesting-place conveniently 
near. Their flight is well worthy of watching, as it forms a 
good example of flight with multi-aerofoils. 

Hawks may be seen soaring over hillsides, preferably of 
a wild nature. They hover without perceptible movement 
in any direction, as though fixed in the air. After several 
seconds, or even minutes, a quick turn is made, followed by 
a swoop downwards and to one side, climbing again on the 
rising air with the increased speed resulting from the dive, 
and with a final and sudden turn into wind again, where it 
remains stationary once more. 

Careful observation will often reveal a continuous flutter of 
the outspread tail, and it is undoubtedly this that enables a fixed 
position to be retained, whilst small movements of the wing- 
tips are also made for retaining lateral balance. 

The hawk soars with the head and tail well depressed, 
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and appears to be very close to the stalling point the whole 
time. 

The albatross, which is met with in the southern seas, is oru' 
of the largest, and perhaps the most efficient, of the sailing birds, 
and like the gull makes a practice of following ships, obtaining 
lift from the rising currents caused by the ship’s displacement 
of the air and the heat emitted from the funnels and other 
openings. Effortless flights of many days duration are made 
in this manner. 

Vultures, condors, eagles and kites are found chiefly in 
mountainous and tropical countries, and depend on the 
ascending currents due to the hills or convection. Their habit 
is to soar slowly upward, generally in a spiral fashion, often 
reaching great heights, and then to descend at an extremely 
fine gliding angle in any desired direction to some other 
source of up current, where the process is repeated. In the 
cases of flights over tropical planes these are confined to the 
hours during which the sun is shining. 
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Sailplane Types 

Wien — Scliloss Main berg — Kakadu — ^Luftikus — Rhonadler — ^Fafnir — 
Austria — Albatross — R.F.D. Sailplane — B A.C. 7 — Phantom — 
Tern — Scud — ^Table of Particulars. 

The most successful sailplanes to date have been produced 
in Germany and are the outcome of many years steady develop- 
ment. The descriptions given below are of sailplanes of 
greatest achievement and interest. 

The ‘‘Wien” 

The Wien was built for the 1929 international com- 
])etition, for Kronfeld, and was the winning machine of the 
meeting. The design was based on the Professor type 
with ail im|)roved aspect ratio of 20 and a span of 62' 10". 

'J'he wing, of semi-cantilever construction, was built in 
two parts only, joining at the centre, for ease of erection and 
to avoid the weight of extra fittings. The section is Gottingen 
549, but has the central parallel portion more strongly cambered 
ior increased strength. The outer portions taper both in chord 
and camber to the tips, where the chord is slightly less than i ft. 

d'he wing is of the single spar type, with a torsion resisting 
leading edge covering, but has a light rear spar for general 
stiffness and the aileron attachment. The central rectangular 
portion, lietween the strut attachments, is little more than 
()ne-(|uarler of the span. The lift struts form a “ V and 
attach to the fuselage with one pin on each side. 

The fuselage is monocoque of oval cross section and with 
a small frontal area tapering finely to the tail. The good 
ilying qualities have been largely ascribed to the differential 
aileron control. 

A small vertical fin acts as a support for the rudder, but 
there is no fixed tail plane. 
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The “Schloss Mainberg’’ 

This machine is also a development of an eaidier successful 
type, the “ Westpreussen,'" and is a cantilever of single spar 
construction. 

The wing is in three almost equal sections, giving a total 
span of 52' 6", is elliptical in plan shape, and attaches directly 
above the fuselage so that the pilot's head is just in front of 
the leading edge. The section is Gottingen 535. 



The fuselage is rather short, of plywood construction, and 
oval section. A small horizontal (in is built-in, at the rear of 
the fuselage, which serves as a support for the elevators. 
Owing to its small size it can hardly be called a tail plane. 

The Darmstadt II, or StarkenburgT is a slight variation 
of the Schloss Mainberg. The outside dimensions are similar, 
but a different wing section is employed. 

The Kakadu^’ 

The '' Kakadu " has proved itself to have a performance 
almost as good as any other yet produced. 

The wing has fairly similar dimensions to the '' Wien " 
and is of R.R.G. 652 section. Plorn balances are supplied to 
the ailerons at the wing tips, a rather unusual feature witli 
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Fig. 67. — ^Two-seater Sailplane j Rhonadler.' 
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sailplane design, but the liability to damage makes this of 
doubtful value. 

The wing consti'uction is of the single spar type with torsion 
tube. The heavy wing weight, amounting to nearly 1,5 lbs. 
per sq. ft., causes the planes to liex considerably in flight during 
gusty weather. 

Luftikus ” 

The '' Luftikus would not appear to be as efficient as some 
of the other types on account of its square shaped fuselage, 
but actually it has proved itself to be one of the best, and seems 
to show that the most expensive fuselages, of oval monocoque 
construction, are not absolutely essential for good results. 

Gottingen 535 section is employed for the wing, which is 
cantilever except for very short steel tubular struts running 
out from the top of the fuselage on either side. The wing is 
in three equal sections and has one spar together with an 
auxiliary spar in the central portion. 

The fuselage is built up on four longerons with plywood sides 
forming a square, but additional fairing forward of the main 
plane brings the shape to hexagonal. At the rear the fuselage 
forms a horizontal edge and is built out to make a small lin 
to which the one-piece elevator attaches. 

The maximum width of the fuselage is less than 19'' and 
is too narrow for comfort during long flights. 

The ‘^Rhdnadler’’ 

This machine is one of the most successful two-seater 
sailplanes. 

The wing, of R.R.G. 652 section, has an area of 290 sq. ft., 
with a 57' 3" span, and is made in two parts, with V ” lift 
struts supporting the central rectangular length. 

Beyond the strut attachments the planes taper to the tips, 
where the section changes to a thin slightly cambered wing 
section. 

The wing is built up on two deep '' I ” section spars, in 
the forward half of the chord, connected by ply covering, 
above and below, to form a torsion resisting box, together with 
a light rear spar. 
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Apart from the '' V '' struts, the wing rests on a high '' neck 
between the cockpits and is wire braced from tlie front strut 
attachment at the wing to the nose of the fuselage. 

The fuselage is of hexagonal shape, built up on 6 longerons 
faced with plywood and forming a small lin at the stern]M)st 
for the rudder attachment. 

A fixed tail plane is supported just above the fiise]ag(^ with 
struts and is fitted with divided elevators. 

The ^‘Fafnir’’ 

The Fafnir '' was designed for the 1930 competitions as 
a development of the '' Wien,'' which in turn had been developed 
from the “ Professor." 

The machine is of cantilever construction. 'J'lie main 
plane rests just above the fuselage, the central portion being 
built to form a dihedral angle, with the outer portions horizontal. 
The dihedral lifts the wing tips higher oh the ground, whilst 
the horizontal outer sections are intended to provide better 
aileron control than would be available if the dihedral wear' 
continued right out to the tips. 

When in the air, the break in the line of the wing gives the 
appearance of down-turned wing-tips and resembles very 
closely the seagull. 

The pilot's head is completely faired in to prevent air 
disturbance over the wing, in its rather low position, and at 
the same time to reduce head resistance. 

The wing section is Gottingen 652 at the centre, changing 
to 535 and again to Clark Y at the tips. The tips arc, thercfoia', 
of symmetrical section to prevent stalling and to increase' tlu' 
effectiveness of the aileron. 

Three spars are used for the wing. The centre s]-)ar, at 
about one-third chord from the leading edge, is the main spar 
and is of box section, whilst the others are approximatc'ly 
one-sixth and two-thirds of the chord from the front and ar(‘ 
of " I " section. 

The construction results in a heavy machine, of 400 lbs. 
weight empty, but this does not appear to have an advc‘rs(' 
effect, in fact under certain conditions it is advantageous for 
cross-country work. The “Fafnir" handles very well, has a. 
very pretty appearance and has carried out some remarkal)l(^ 
flights. 
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The “Austria’’ 

ILis is the largest sailplane ever built and has a span of 
100 ft. The wing is in four sections, the outer sections being 
set at an anhedral angle. There is one main '' I '' section 
spar and one secondary spar, and plywood is used almost 
entirely for the wing covering. 

Ailerons which run the entire span are divided into six 
sections and can be adjusted to work differentially in pairs. 

A nacelle to house the pilot and fitted with the main skid 
is built below and forward of the main plane, the connection 
being by a very long '' neck.” Just below the wing and at 
the top of the neck is a large tubular plywood covered boom 
which tapers to about i ft, in diameter at the rear where it is 
widened out to form the tail plane. 

Behind the tail plane is a one-piece elevator, and at each 
end are built-in fins, to which rudders are hinged. 

The two rudders can be actuated together to form an air 
brake, but for turning are used independently. The bottom 
edges of the fins act also as skids. 

The wing area is 323 sq. ft., and the all-up weight is in the 
neighbourhood of t,ooo lbs., giving a loading of about 3 lbs./ 
sq. ft. and an aspect ratio of 31. 

'I'he ” Austria ” was designed for Kronfeld by Dr. Kiippcr. 

Descriptions of two German tailless sailplanes were given 
in the last chapter. (See lugs. 46 and 47.) 

The “ Albatross ” 

This machine, built by the R.F.D. Co. to designs by the 
author, was the first British sailplane and was based more 
on the design of light aeroplanes than gliders. I'hc ” Alba- 
tross” was built for extreme lightness, with an empty weight 
of little over 200 lbs. This factor resulted to some extent in a 
lack of robustness necessary for rough handling and for soaring 
in gusty weather. 

JDespite this, several soaring flights have been made, includ- 
ing a short storm flight. 

A short centre-section plane is connected immediately 
above the square section fuselage, to which the two outer 
portions, each of 19 ft. span, attach. The total span is 42 ft., 
and is pure cantilever. 
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The central third of the main plane is rectangular, after 
which it tapers to the tips. Gottingen 535 is used for the 
aerofoil section. 

Two spars are employed in the wing, the forward spar 
being of '' N girder construction, for lightness, and the rear 
spar of box section. 

There are no fixed tail surfaces, the balanced clevatcjr 
being in one piece and supported above the fuselage, whilst 
the rudder is also balanced and attaches to the vertical edge 
formed by the rear of the fuselage. 

The “ R.F.Dd’ Sailplane 

This machine was built to the design of Mr. J. Bewshcr by 
the R.F.D. Co., of Guildford. 

The cantilever wing is built in three parts, of almost cc|ual 
length, giving a span of 48 ft., and with the outer portions 
set at a dihedral angle. 

There is one main spar, of triangular section, employing 
three flange members covered on the outside with plywood for 
torsional resistance, the spar joints being made by means of 
turnbiickles. 

Ihere is no taper to the wing, but the tips are rounded. 
Ailerons of small chord run the entire length of the two outer 
portions of the wing. 

The fuselage is pear shaped with the thicker part iipper- 
most, and the wing is sup]')orted directly above, these con- 
nections also being by turnbiickles. 

The loaded weight is 410 lbs., giving a wing loading of 
less than 2 Ibs./sq. ft., the wing area being 210 sq. ft. 

A tail plane is attached above the fuselage, to wliich is 
hinged the split elevator, and behind this is a vertical fm and 
unbalanced rudder. 

The ‘‘B.A.C. 7” 

This is a two-seater sailplane built by the British Aircraft 
Co., of Maidstone. 

The wing is in two parts and is connected on each side by 
two parallel struts to the underside of the fuselage. It is of 
normal constimction, employing two main spars. Beyond the 
struts the wing tapers ; rather small ailerons being fitted along 
the tapering portion only. 
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The fuselage is built up on four longerons, but has a raised 
portion on top to act as fairing behind the pilot’s head. Ply- 
wood covering is used. The attachment of the wing with the 
fuselage is made by two pillars joining the main spars to 
points between the two cockpits and behind the rear cockpit. 

A small vertical fin is built in to the rear end of the fuselage, 
and a split tail plane attaches on either side with short struts 
to the bottom longeron. The rudder is slightly balanced, but 
the elevators are not, 

¥ov auto- and aero-towing a wheel undercarriage is fitted. 

The B.A.C.6 is a similar machine, differing in small details 
only, but is a single-seater. 

The “ Phantom ’’ 

The Phantom ” sailplane was manufactured by the 
Cloudcraft Glider Co., of Southampton, in 1931. 

The wing is of single-spar construction, and is supported 
by one strut on each side of the fuselage and a raised '' neck.” 

The monocoque fuselage is of fairly large cross sectional 
area and length. A small horizontal tin is provided at the end 
for the elevator attachment, resembling closely the Darmstadt 
type of design, and a large rudder, of area equal to the elevator, 
is liinged to a small built-in fin. 

K.A.V. 34 aerofoil section, modified, is employed for the 
wing, which has an area of 200 sq. ft. and a span of 51 ft. 
The loaded weight is low, at 407 lbs., giving a wing loading 
of about 2 Ibs./sq. ft. 

The ‘‘Tern^^ 

This is one of the latest British sailplanes, and was con- 
structed by Messrs. Airspeed, Ltd., of York. It is a pretty 
design and incorporates several unique features. 

'flic wings are of normal two-spar construction and taper 
ovc‘r the whole span, with the percentage camber increasing 
towards the root. A short centre-section plane is built-in 
to the top of the fuselage, and to this the outer sections are 
held by two vertical bolts in each plane. 

The fuselage, of plywood construction, is large and roomy, 
with a comfortable cockpit for the pilot. 

An important feature of the ” Tern ” is the rapidity with 
which it can be assembled, and this is largely due to the fact 
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that no control mechanism has to be connected up or adjusted. 
Both the aileron and the elevator controls automatically inter- 
lock as the units are assembled into position. 

The Scud ’’ 

The '' Scud ” is really an intermediate sailplane, but is 
included here on account of its unique features and minute 
proportions, in comparison with other sailplanes. 

It was designed by Mr. L. E. Baynes, and is manufactured 
by Messrs. E. D. Abbott, Ltd., at Farnham, Surrey. 

The cantilever wing has a span of 25' 4", with an area of 
only 85 sq. ft., giving an aspect ratio of 7.5. The unladen 
weight is 103 lbs., and, allowing 150 lbs. for the pilot, the 
wing loading is 3 Ibs./sq ft. Owing to its extremely small 
weight it is very portable and can be carried by four men 
with ease. 

The main plane is of modified Gottingen 533 section, is of 
two-spar construction, with plywood covering from the leading 
edge to the rear spar, and is in two halves which join at the 
centre before attachment to the body. The wing support 
consists of eight small steel tubes joining to the fuselage 
longerons. 

The fuselage is of square section, set on edge, and is built 
up on four longerons with plywood covering. 

The elevators and rudder are interchangeable and quickly 
detachable. No fixed tail surfaces are provided. Narrow 
chord ailerons run almost the entire wing span, and are operated 
by means of torsion tubes. 

The pilot's seat is immediately below the wing. 

Despite the heavy wing loading and small aspect ratio 
the machine soars well, at a speed not unduly high, and is 
very responsive on controls. 

'J'able 4 on page 124 gives the leading dimensions and 
j)articulars of the sailplanes described. Every care has been 
taken in its preparation to ensure accuracy. 
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PART II 

SAILPLANE CONSTRUCTION 



CHAPTER X 


The Main Plane 

J\rain Plane Construction, General — ^The Main Spars — Ribs — The 
Leading Edge and Trailing Edge — ^Ailerons — ^IJft Struts. 

Main Plane Construction, General 

The main planes, or wings, of a sailplane consist of the main 
spars, ribs, leading and trailing edges, ailerons, and drag 
bracing or its equivalent, and are built in two, three, or even 
four, separate parts. Machines have been constructed with a 
single unit wing, but this is seldom done owing to the difficulty 
of housing and transporting so large a span. 



Ido. 7().— Main PI<ano Construction. 


Two of the essential features of sailplanes are, firstly, the 
requirement of quick cletachability, or folding, and secondly, 
compactness, when dismantled, for towing purposes in a 
trailer, and for storage, and it is these factors that govern the 
number of parts into which a sailplane dismantles. Some 
machines have a two-piece wing, with the joint at the centre, 
but this is not convenient for spans of over 40 ft., 20 ft. being a 
reasonable limit for each part, nor does it pernrit of simple 
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sailplane construction 
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Flanges 


account of the light stresses due to the low wing U)ail 

and struts call for quite small sections, .'/L'-.j/id" 

being quite common, and 

S3.— Main Pla.no Rib. 



even as small as 
xl" being not unknown. 

vSimple construct ion 
with small ply gussets <'it 


the joints suffices, but a method, much favoured in (iermany, 
is known as the split lib,'" in which all members are lialved 
through the central plane of the rib with the gussets inserted 
between the half members, as shown in the sketch, lug. (Sq. 

The advantage of this method is 
that the rib can be built up in a jig, 
without the necessity of removal after 
gussets are fitted to one side and 
changing over for attaching the gussets 
on the reverse side. There is, however, 
a drawback to the method in that the 
rib members are weakened, and to 
overcome this to some extent the halves 
are sometimes pulled in together at the 
centres and glued. 

Rib spacing should be kept fairly 
small, so that the profile of the wing 
section is not allowed to become dis- 
torted, by arching between the ribs, 
and intermediate ribs, such as is 
shown in Fig. 85, can he usefully employed in ])Iaiies having 
two main spars. It is a mistake to economise in weight by 
reducing too far the number of ribs, as the total weight of ribs 
in one machine is a very small amount, and another one or two 

make very little diiftaa'iKa' 
in this respect. 

The nose of Ukj rib 
may be built uj) in a 
similar way to tlu^ r(‘- 
mainder, although, owing to the large curvature of aerofoils 
used in cantilever wings and the difficulty of bending lh(‘ rib 
boom to this shape, it is quite common to replaces tint front 
part of the booms with a plywood nosing piece. This also has 
the effect of stiffening up the ply covering on the heading t‘dg(‘. 



r'lc, s.j. S])ii( T\’i»( 



Fig. 85. — Light lulermcdiiile Rib. 
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Anotlicr niuLliocl of rib coiislructioii is fu cut a (liivc~|jly 
web to the exact aerofoil shape, lightened by holes for prefer- 
ence, and to attach split flanges around the edges. Some veidical 
stiffening pieces should be included. This is a more expensive' 
method as regards material, a.nd the resulting rib may be soino 
what heavier, but it can be made in less time and provides 
quite a strong rib. 



Fig. 86. — Rib with Strengthened Plywood Web. 


The Leading Edge 

This has already been referred to in the paragra])]is dealing 
with spars and ribs, in which it was stated that the general 
practice is to cover the front 2:iortion of the wing with plywood 
to retain the correct aerofoil shape and to stiffen this up with 
nosing pieces at each rib. 

Tor strongest results the jjlywood should be laid on 
diagonally, that is to say, with the grain at an angle of 45" 
to the leading edge (see Ap})endix Vil). 'Phick plywood slunild 
be dain])ed, on one side only, and left for some luiniitcs before 
hxing. It will then take the required shape more easily and 
facilitate the work of fixing. 

Apart from this cov'ering, the actual leading edge membes' 
is quite small and may take a rectangular shape, of section 
or thereabouts, with the longer axis pai’allel to llu' 
chord. This is often strengthened up at the ends wlu'vi' joinls 
in the wings take place, both for stiffness and to su[)ply better 
anchorage for the connecting fittings. 

The Trailing Edge 

Might requirements call for very little strength in this 
member, so that it is designed mainly for keeping the fahih. 
taul and for rigidity for handlijig during dismantling, a.sseiiibly 
and storage. 

Eig. 87 shows throe types of trailing edge coimnonly ustal, 
(a) and (h), consisting of a strip of tliree~ply, si ninglluaied u]) 
with a piece of spruce, or ash, whilst (c) is a plain lath to whi('ii 
the rib flanges are attached. 
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Aitaclinicnt may be made by glue aloiu', or with brads, or 
by small light metal clips. 



Other forms of trailing edge are light meial lubes ol round, 
or, preferably, llattened section, or nudal sIuh^I bt*nl into 
U " or V '' shape, but these last nu'lhods art' not list'd to 
any great extent in sailplane work. 

The trailing edge may also be slillened up by strips t»l ply 
above and below the rib flanges, and if llu'st' art' tad so as to 
leave small forward extensions at each rib, tlu' robust nt'ss ol 
the whole wing structure is increased. 


The Wing-Tip 

The wing-tips of sailplanes are called upon to fultil st'vt'ral 
duties, and should be robustly built accordingly, d'hey an* 
subjected to handling loads, during assembly a,utl wlu'ii tbt* 
machines are being towed, or carried, into position for launching. 

During landings, sailplanes sometimes tirst tt)uch the gi’otmd 
on one wing-tip for swinging into wintl, anti t)ftt‘n inert 
obstructions near the ground, such as small buslu's ami 
rocks. 


The wing-tip member is generally of lairly lit‘a\’y st'ctioii, 
say one inch square, and rounded t)n llu' oidsidt', but may be 

spintllt'tl from tlit* inside 


JS. 

Si 


1 

u 


h 

r 

1 


(or lightnt'ss 
covering may 
over 
lixed 


Plywood 
b(' |)lac(Ml 
tht* wiugdip ami 
(t) lilt' last rib and 


Section A-A 


ihi) wing-lip meiubt'r. Ihe 
l)t)x thus ftirnu'tl makt'S a 


loG. s.s. - I)('(a.i!s, Vt'l'y Strong wingdip. (See 

Idg. (S«S.) Tht' wingdip 


member should be of ash, stt'amt'tl lo sliapt*. or of laminated 
asli. 
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In some cases, such as on the '' Professor,” the wing-tip 
member is shaped to conform with the wing section, as shown 
in Fig. 8g {a), whilst an 
alternative is to cut 
plywood to the shape 
of the wing-tip and 
strengthen, on top and 
underneath, with light 
strips of ash, or other 
suitable material, bent 
to shape, as at (b ) . 

Kig. iS(j. — W'iiig-tip C()iistrucU(Jii. 

Ailerons 

Ailerons may, for convenience, be built as a whole with 
the main planes and sawn off afterwards. 

The ribs follow the standard practice, but may, if desired, 
be triangulated, as shown illustrated, lug. 92. The advantage 

of this is that much of 
the torque is trans- 
mitted through the ribs 
instead of along the 




I'ki. <e). Ailcniii with 'rrunifruKiU'd I\il) 
Arr.tnj^cincn t . 


Spar and also rigidity 
is given to the whole 


unit. 


'J1u‘ spars arc generally of box section, owing to the torsional 
strength of this design, but are sometimes built up of two 
small llanges and one web, as shown in b'ig. qr (/;). 1'liis ty])e 
is not strong torsionally, and is also 
difficult to calculate for torsional 
strength, although actually the 
attachment of the ribs overcomes 
this weakness to a certain extent, 
especially as it is usual to attach a 
vcaiical nuanber, connecting both 
llanges, at each rib joint, d'he 
semi-cylindrical ]dywood fairing, 
described below, also assists in this 
respect. Tubular metal s]:>ars, for 

ailerons, are not greatly favoured (ao do 



for sailplanes, owing to the difiiculty 
f)f rib attachment. 


Inc. ()i. 

'Pyjx^H of Aileron Sjxir.s. 
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In order to prevent the intcrru])tion of air How ov(‘r tlu' 
aileron gap a strip of thin plywood may l)e atta('tu‘(l lo tlu^ 
front of the aileron spar in tlic form of a. half cylindc'r Jdg, 
()2), and should be held in shape by small formers spaccal at 
about evei-y foot or i8 in. 

The tube thus formed is often made to take, tlu* torsional 
stresses, in which case a light spar can 1 h‘ emj)loyt‘d for taking 
the bending loads only. 

Corresponding small fillets should be liltc'd to tlu‘ main 
plane or false spar so that the aileron works nicc‘Iy in tlu* 
groove thus formed These illlcts may be madt' of balsa, wood 
for lightness or, if of a better wood, they may be takiai into 
consideration for strength purposes, as with tlu' plywood on 
the aileron vSpar. 



Strips of plywood, or celluloid, arc often attached along tlu^ 
top and under-side of the main plane spar, so as to cover tlu' 
gap between that and the aileron. This is a simple method, 
but it is doubtful whether it is as elTicicnt as the juawdously 
described method, owing to possible cockling of lh(‘ ply and 
the discontinuity of profile that must be ca.iis('{i with mo\’eiiicii( 
of the aileron. 

When single-spar main plane constniction is iis(‘d, or when 
the aileron hinges are located S()m(' distaiKH' Ixhiiid the ix'ar 
spar, it becomes necessary (o inchi(I(‘ a fals(* spar. 'I'his may 
be of light construction, as it has to tak(‘ IIk' diri'cf loads only 
from the aileron and distribute tluni to th(‘ main sj)ar, (‘illua’ 
direct or through the ribs. 

The false spar generally runs the lenglli of (lu* (‘onlrol 
surface only, but may be extended for a shorl dislaiua' if lh('re 
liap])cns to be a strong numiber, such as a. box or compression 
rib, for attaching the spar <'nd to. 

When ])().ssil)le it is sound pi'acii(\' to alla('h llu‘ nuiw end 
of the aileron falser s])ar to the main ])lan{'Sj)ar ti|), as ibis forms 
a, triangle, giving considerable torsional nesisfaiua' and stirfn<‘ss 
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to the wing. This is shown illustrated in the iigure on 
page 128. 

Lift Struts 

The type of strut most favoured for sailplane work is the 
composite timber strut, consisting of a rectangular spruce 
member, with its long axis in the lateral plane of the strut, 
and with plywood fairing over suitably spaced formers. (vSee 
Fig. 93.) The main spruce 
member prevents failure in a 
sideways direction, while the 
plywood shell provides suffi- 
cient strength against fore and 
aft failure. 

This provides a strong light 
strut, is very suitable for the 
requirements, and is cheap to 
produce. 

Other types arc the steel 
or duralumin tubes, either of 
streamlined section or of circu- 
lar section with wooden fairing, 
this latter being a cheaper con- 
struction than the former. 

Solid spruce struts are some- 
times used but are relatively 
heavy. 

Finish 

The weights of the wings on each side of the fuselage, should 
be evenly balanced, as wings of unequal weight tend to caust'. 
spinning when stalled. For this reason components should 
be weighed during manufacture and balanced out. 

Main planes are covered with a good quality light, closely- 
woven fabric, or silk. This is generally held to the spars, ribs, 
etc., by glue or dope, after which it is treated with four or 
five coats of transparent dope, each coat being allowed to dry 
thoroughly before applying the next coat, and linished off with 
one thin coat of good varnish. 

Smoothness of surface is of the utmost im]M)rtaiir(‘. 



(a) Spruce- Plywood Composite. 



(b) Metal Tube and Fairing. 



(c) Solid Timber, Streamlined. 



(d) S bream fine Meta! Tube 

I'k;. g3. — 'ry])c\s of Lifi Struts. 
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Fuselage and Empennage 


U'lisclagc Construction, General— Aloiiocotinc — J-iraccd-Strut or Cnnler 
Type — Skids, Main and Tail — Tail Unit. 


Fuselage Construction, General 

The outline shapes of fuselages have already l)t‘en dealt with 
in Chapter II, page 26. There arc two methods ol construction ; 
the monocoque, which consists essentially of a large si ill 
tubular box in which practically the whole of the stresses are 
taken by the covering material, and the norn^ial braced strut 
type, consisting of longitudinal members divided into bays 
by vertical and horizontal struts with cross bracing, the whole 
being covered with fabric. 

Another method, which is really a simple combination of 
both, employs longitudinal members placed in the form of 
a square or hexagon, with flat sides between the longerons 
covered with three-ply or multi-ply. 

Monocoque 

Some longitudinal members are generally list'd in this 
method of construction to give stiffness to Hit' wholt' and for 
ease of building, but they need be of only quite small section. 
Fig. 94 shows a typical section employing thfet' longitudinals, 
a fourth sometimes being inserted at tlie to]), as shown dotted. 
The bottom longitudinal member or the keel may take tlu‘. 
shape of the fuselage bottom, and is sometimes divided into 
two and spaced a distance apart equal to (he main skid over 
the skid portion of the length. 

Main bulkheads are placed about every 12" or nS"', and 
consist roughly of I" x I" circular members built u]) from several 
pieces, or one piece bent to shape, and faced both sides with 
three-ply cut to the shape of the fuselage section and of about 
I" or i'" deep. 



FUSELAGE AND EMPENNAGE 


137 


Intermediate stiffeners are spaced every 6" or so, and arc 
generally of very small section, say | " X with the longer 
dimension in the direction of the fuselage axis. 

The bulkheads at the main spar attachments are of heavier 
and more intricate construction, of the form shown in Fig. 94. 
The depth from front to back varies between 1 " and i|", 
and extra members are inserted to give the requisite strength, 
the whole being covered both sides with plywood suitably 
lightened. 

The main landing skid is usually attached at these points. 




The rear bulkheads supporting the tail unit are stiffened up 
somewhat, and generally extend into the fin and fixed tail 
plane, if any, for general robustness. 

The plywood covering of birch 3, 4 or 5-ply, is laid on trans- 
versely in strips equal to the main bulkhead spacing, and of 
length varying in accordance with the curvature of the body 
nlong the main axis. Difficulty is exj^erienced in bending the 
ply in two perpendicular directions, so that, unless the fore and 
aft curvature is very slight, only vShort lengths of }}ly can be 
used with success. It should be noted that the main bulkhead 
s])acing should bear some relation to the amount of curvature 
of the fuselage. 

One method of overcoming this difficulty, and at the same 
time keeping a relatively cheap construction and fairly efficient 
shape, is to give the fuselage a straight tapc'r from the pilot’s 
s(‘at to the stern, shown in lug. 95. 
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horizontal struts, spaced at between i and 2 ft. centres, 
dividing the length into bays. 

Diagonal bracing usually takes the form of struts, forming 



the whole into an N girder, but, in some instances, cross 
bracing is effected by means of thin strips of spruce or other 
suitable timber. 

The 1)ulkhcads to whicli tlu! main idanes are at Inched 
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An alternative method is to lay on the strips longitudinally, 
keeping the width to about b", but this entails considcrabiy 
more work and is seldom employed. 






The front portion may be built up with either latcaal or 
longitudinal strips or a combination of both. 

idgure (}() represents the front of a fuselage with a consider- 
able curve on the top but with a fairly (lat under-side. Ixmgi- 
tudinal strips arc used to ol)tain the curved top, wliile cross 
strips are employed for the base. 

All plywood joints should l)e well '' feathered '' and glued 
so as to form a good splice, the face being from !/ to i'' in 
length. 

The actual nose piece may l^e either of beaten thin sheet 
metal, aluminium being very suitable, or built up of a largi' 
number of small pieces of plywood on tlu; |)rinci])le of a football 
casing. 


Braced Strut, or Girder Type, Fuselage 

FUvSclagcs built on this principle are cheajX’r to produce 
and more simple to repair than tlie monocoque type, besidc's 



r'lG. gi). 

Sailj-)lane Nose — Monecoqiicj Construction. 


which they have the ad- 
vantage oi' lightness, but 
are not generally so effi- 
cient aerodynamically. 

I'hey may contain four 
or more longerons, forming 
a S(-[uar(^ or hexagon in 
cross section (see Fig. ib), 
and liavo vertical and 
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horizontal struts, spaced at between i and 2 ft, centres, 
dividing the length into bays. 

Diagonal bracing usually takes the form of struts, funning 



the whole into an " N girder, but, in some instances, cross 
bracing is effected l)y means of thin strips of spnic(' or other 
suitable timber. 

The bulkheads to which the main planes are atlaclu'd 
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generally follow, more or less, the method as described for 
inonocoque fuselages. 

Covering may be made with either fabric or plywood, or 
both. 

A good harness, preferably of webbing, should bc' (irmly 
attached to some secure member in the bulkhead behind the 
pilot. A harness for holding the pilot (irmly to the seat is 
far superior to a belt round the pilot's waist, as during cloud 
Hying or flight in gusty winds the pilot is often lifted from his 
seat. 


Skids 

There is usually one main skid for landing purpose's, and 
a small tail skid to keep the rear of the fuselages and tail unit 
clear of the ground. 




l* IG, yS. I-'k;. {)(j. 

Skid Aitiiciniient at Lroiit, S!\.i<l Slint lv-iibsorljiii^' Joint, 

Main skids are built of ash or liickory, and may 1k> from 
3 to 4 in. in width by about jj" deep. They .sliould lie .sh'amed 
to shape before fitting. Attachment is niade (o the i■us('lag(■ 
by a rigid joint at the nose, one or two lle.xiljle joints at tim 
main fuselage bulkheads, and a sliding joint at the rear. 

The nose joint is generally made by a number of small 
bolts to the fuselage, which is .suitably strengt heiu'd at this 
point, and may incorporate the main launching hook (Idg. ()S). 

It is usual practice for landing .shocks to he takt'ii at the 
main fuselage wing bulkheads by a pair of rubber <aimpressi<m 
buffers at each point. These rubber bulTers an? used in pairs 
as a safety measure in the case of one breaking, and are lixcal 
to the skid by simple band fittings running through slots in 
the rubber, the skid being reinforced at this jx)int (h'ig. <)()). 

The corresponding fittings on the fuselage inchuk! two lugs 
projecting downwards and spaced the width of tlu; ])aii- of 
blocks apart. A small bolt about I" diameter, supi)orted by 



I GO. — The Start r»f a Sailing Flight. 
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the lugs, runs through holes in the rubber blocks. These 
holes are about 1" in diameter and the connecting bolt is 
situated at the top of these holes when in the normal position, 
thus allowing about f" play both vertically and fore and aft. 



\'iG, u) I, — Skid Shock-absorber on Meiningen.” 

I'he actual shape of the rubber buffers may be varied to suit 
the conditions as required. It is usual to cover in the sides of 
skids with leather or American cloth to minimise air resistance. 

Another method of shock absorption is by means of rubber 
in tension, in which the skid is connected by vertical links to 
a cross horiy.ontal member inside the fuselage. Shock absorber 
elastic is bound round this member and a fixed longitudinal 
member or other attachment below (see Fig. 10 1). 

Sideways movement is often prevented by means of shackle 
jdates fixed to the rear end of the skid, as shown in the figure, 
('oiled springs have been used in conjunction with landing 
skids, but arc not very satisfactory as the energy is stored up 
in the springs and returned, thus causing tiie machine to 
bounce. A variation of this principle is obtained by using 
;i number of single coil steel wire springs or rings connected 
togelhcr at the top, where the 
joint is made to the fuselage, /// ^ 

and spaced out along the width of 

the .skid at the base (Fig. 102). \ \ 

Machines have been built with \ \ 

uo shock absorbing device at all, \ - 

this being ([iiitc usual on elcmen- I'lo. 102. — stcci Ring Skill 
lary training machines, but with Springing Device, 

sailplanes of large cantilever span . , , , , 

a. heavy landing is liable to cause considerable damage and 
might easily result in the wings being sheared right off. 

Tail These nearly always take the form of a solid 

block attached either directly to the under-side of the fuselage, 
or. when the skid is deep, the block is supported by an extension 



143 


SAILPLANE CONSTRUCTION 


ul tlic stern bulkhead and covered in with an outer covering 
of plywood. 

In order to keep the tail plane clear ol the ground, the tail 
vSkid is sometimes as much as i ft. in depth. 

A hole is generally drilled througli the tail skid for the 
holding back rope or steel cable, and this is often left in 
permanently. 



Fig. 103,^ — Fixed Tail P];uk‘ nnd S])lil lUevaInrs. 


The Tail Unit, or Empennage 

The tail unit consists of the elevators, tail ])Iane, if any, 
together with the rudder and hn. 

A fairly high aspect ratio is ch'sirable, for aerodynamic 
efficiency, in all control surfaces, but, on the other hand, the 
weight of each control is a])proxiinatt‘ly in proportion to its 
length or span. Apart from this, the tail plane of a sailplane 
is limited in length by the height and sj)an of the main plane, 
as it is important that the tip of the tail ])lane should be clear 
of the ground when the machine is resting on one wing-ti]v 
For this reason it is usual to place the tail plane on top of tlu' 
fuselage or as near to the top as is reasonably practicable. 

d'lie tail plane may be 
either a single unit at- 
tached directly above the 
fuselage, or may be di- 
vided into two halves so 
as to fix on to the sides 
(Fig. 103). In the latter 
case it is usual to support 
the tail by small struts 

Fig. 104.— Small Built-in Tail and Singlo bottom of the 

Balanced Elevator. fuSelagC. 
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'i Jiis nietliod, although cheap, does not permit of a very 
dean design, and a better way is to build a small fixed tail 
plane integral with the fuselage, as Fig. 104. In this case the 
rear fuselage bulkheads continue into the tail and the whole 



Fig. 105.— Pendulum Type Elevators. 


is covered with plywood to form a rigid support for the 
elevator. The elevator may be in either one or two parts. 

In order to avoid the gaps formed by the joint of the 
elevator and tail plane, and also to simplify construction, tail 
planes are often done away with altogether, balanced elevators 
only being used in such cases. 

I'hese elevators, when there is no fixed tail surface, are 
generally made to slide on to a strong tubular member fixed 
into the fuselage, but mounted in bearings so that rotation is 
possible (Fig. 105). One or two vertical bolts or pins are used 
to secure the connection. If the tubular member is fitted 
with king-posts inside the fuselages it becomes unnecessary 
to disconnect the control cables for dismantling, a factor of 
some importance. 

When tins are used these may be incorporated in the 
fuselage structure, in a. similar way to the built-in tail plane 
described aboviu 



jUg. 106. t'lc* loy- 

ICinp<.'nnn.^*o Profussor " 'Typ''- Eniponnag(‘ - .1 >arnistn,dt ' typcN 
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Tli(j advantage of a fixed iiu is that a greater length is 
provided for rudder attachment than is available if the fuselage 
alone is used for this purpose. 

Rudders are always balanced, if no tin is used, and partly 
so if the rudder rises above the top of the lin. This is done 
not so much to ease the load on the pilot’s rudder control 
pedals, but in order to utilise the thickest part of the rudder 
for the main spar position. 

The construction of elevators and rudders follows generally 
along the lines indicated for main planes and ailerons, to 
which reference should be made. Plywood comes into con- 
siderable use over the leading edges, for torque resistance and 
for robustness at the tips and trailing edge, and for all joints. 

Spars are of box section, or metal tubes, or of “ I ” section 
where a torsion resisting leading edge is employed. 

Where fixed tail planes or vertical fins are used, ribs may, 
with advantage, be triangulated for strength, as explained in 
connection with ailerons, but with balanced units it is better 
to carry the ribs straight back from leading edge to trailing 
edge. 

Diagonals may still, however, be inserted between these' 
to make the unit quite rigid. 



j'lG. roS. 

I 'in LLiuI J'^udder Cr)ns( ruction. 



CHAPTER XII 


Fittings and Control System 

Fittings, GcMieral— Spai'/Fuselage Fittings — Leading Kdge/FuscFige 
Attaclimcnt Fitting — Main Plane Junction Fitting — “ Professor 
and “ Darmstadt” Types — Attachment Bolts and Pins — Strut- 
End Fittings — Striit/Spar Fittings — Strut/Fuselage Fittings — 
Skid Attachment ami Launching-Flook Fittings — Tail IJnit 
I'ittings — King-Posts — Control Cable Connection — Control Systtmi, 
General — Control Column — Rudder Control. 

General 

The fittings on a sailplane, apart trom control fittings, arc^ 
few in niiniber, but arc of great importance as their chities 
are seldom shared as often ha])pcns in power macliiiies or, in 
other words, if such liftings fail in the air, there is no alterna- 
tive route for the loads to be transmitted through, and conse- 
quently complete structural failure is almost bound to follow. 
lM)r this reason all fittings should be v(‘ry carefully designed 
and a. good factor of safety allowed. 

The main fittings consist of those connecting the main 
plane to the fuselage and the various portions of the main 
plane together (unless the wing ha])pcns to be in one ]uece), 
those joining the main lift struts to wings and body ; the skid 
fitting ; tail fittings and the normal control surface hinge 
lit tings. 

All fittings should be designed for ra]:)idity of asscanbly 
and dismantling, so that the sailplane jnay be taken to ]>iec(*s 
and (‘rc'cted in the shoiiest po.ssible time. J'bis factor is of 
such importance that it should be very fully considered before 
making Uk^ choice of the ty])e of fitting to l)e adopted for any 
particular joint. 

Where the loads are likely to be large, such as in the trans- 
mission of the main lift forces, or a])plied suddenly, as in tlu^ 
ca.se of a heavy landing, it is as well to extend the metal fitting 
over a large area of the timber to give an even distidbntion of 
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the forces and thus avoid shear or impact fracture. For this 
reason several small bolts are much preferable to a single 
large holt. 

Most fittings can be very simply made from bent up sliects 
of steel, and need seldom be of thicker gauge tlian if) S.W.('r., 


Figs, ioq-ito. — Main Plane /Fuselage Attacluncnl Fittings. 

and as thicknesses less than 20 gauge are seldom called for, 
the complete set of fittings for a machine can generally be 
made from steel of, say, 16, 18, and 20 S.W.G. 

Duralumin is sometimes used, but is not favoured as much 
as mild steel. 

Spar/Fuselage Fittings 

Figs. 109 and no show typical joints for the main spar and 
fuselage ; the former being suitable where a neck separates 
the wing from the body and the latter being for use when tin' 
wing connects directly to the fuselage. 

These fittings are simple to make and 
consist of steel plate bent in the shape of a 
long '' U 'L* the actual bearing being gener- 
ally strengthened up with a. solid cylindrical 
piece drilled out to the requii'cd diameter 
for the fixing pin. 

The cylindrical part may be held in posi- 
tion by means of small flanges turned on the 
ends (see Fig. in), or may be brazed into 
position. 

The actual connection may be by solid 
Main nane Spar/ at each joint, Fig. II2 (a), by hollow 

juisciagc lotting. pins connected by one long liolt [is at (/;), 
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or by a siiiglo pin through both iiliiags (r). In the last 
case it is usual to reduce the diameter over the central jx)rtion, 
for lightness, and a small handle may be included to assist 
in getting the pin into position. 

"I'lie fittings are held to tlie spars and fuselage bulkheads 
by a numl)er of small bolts. 



An alternative method of attachment to the above employs 
omewhat similar fittings on the fuselage, but on the spar 
each fitting is split into separate plates, forming Jugs in front 
and beliiiKl, the whole tlien l)eing held together by a, bolt or 
pin from front to back. 

Leading Edge/Fuselage Attachment 

This fitting generally resembles the main spar fittings and 
attaches to a bulkhead in the fuselage. 

When the leading edge is ply covered, for taking torsional 
loads, it is necessary to transfer these loads to the fuselage, 
and this is best done by means of a rigid attachment fitting, 
(‘Specially is this the case in a single spar machine. 

It is possible to increase the strength of the main spar for 
this purpose, l)ut this is very imeconojnical, apart from which 
the loading in the torsion tube has to be transferred to the 
spar by suitably placed members. 

It is usual to strengthen the leading edge at the centre of the 
wing and at all wing joints, so that tlie down load in the leading 
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edge member, caused by the torsion, can be suitably trans- 
mitted by means of fittings. (This has been explained in Part 1 .) 

Both parts of the fittings are bent up U sections with 
strengthening ferrules. The fitting on the leading edgi^ 
member may have lugs extending outwards so as to take a 
larger number of bolts and thus provide a firmer anchorage. 
(Figs. 113 and 114.) 

One bolt or pin can be employed for fastening the joint. 



Figs. 113-114. — Leading Edge to Fii.sela,gc Attarliincnt I'itling.s. 


Main Plane Junction Fitting 

As in the method of .fuselage attachment, so also here, 
the question of ease and rapidity of assembly is of primary 
importance, and fittings including several fastening bolts or 
pins should be avoided. Tapered pins are much simpler to 
use than bolts and also allow for wear, in that, if the holes 
become slightly enlarged, a tight fit is still possible. 

There are two main types of fittings in use for main s|iar 
joints, in one of which flat plates are secured to flic li'oiil 
and back faces of the spars, so as to form e.Ktencling lugs 
through which the locking bolts are placed, and in (In: otlier 
method the spar flanges are capped and cupped to lit one into 
the other, the bolts or pins being inserted vertically from .above 
and below the wing. 

“ Professor ” Type Joints 

The flat plate method of spar joint is shown in h'ig. 115, 
and consists of plates cut in the shape of an " II,” so that the 
legs of the “ H ” run along the flanges of the spar, to whiiT 
they are bolted, and small flanges are often turned up along 
the edges of the legs to give stilfness to the whole'. The 
plates on one spar of the joint arc let in Hush with the webs, oi‘ 
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sides, whilst on the other spar they are raised so as to fit over 
the former pair. 

The actual lugs are generally strengthened up for bearing 
surface by means of brazed-00 washers and the holes are drilled 
to take a tapered pin fitted with a butterfly nut. 

The spai's should make close butt joints, but a slight cut 
away portion below the lower bolt is advantageous in assembl- 
ing the wings, as the wing-tip may be left resting on the ground, 
or held just clear, while the bottom bolt is placed in position, 
after which the tip can be lifted as high as it will go and the 




Fig. 


115.— Main Plane Spar Joint. 
" Professor ” Type. 


top l)olt slipped into posi- 
tion. In this way the 
fittings and spars stand 
little chance of being 
strained. 

This makes an exceed- 
ingly neat fitting, and is 
(‘asy to manufacture, but it suffers from two disadvantages. 

In the first place the full depth of s]xir is not made use of 
for transmitting the bending load — the resisting couple being 
the product of the strength of the holt and the distance between 
the bolls — so that larger bolts than would otherwise be necess- 
ary have to 1)(‘ (‘inployed, and, secondly, a gap has to be left 
l)t'lw(H'ii the two portions of wing in orch'r that the pin may 
1 )(‘ insertc'd and withdrawn. 'This can be covered with a 
sliding strip of celluloid, or plywood, thus making an aero- 
dynamically clean joint, and, as this can be fitted in a few 
seconds, this objection is of little account. 


“ Darmstadt ” Wing Joint 

This consists es.scmtially of mak‘ and female welded-U]i 
box fittings on the ends of the spar flanges, each tlange having a 
si‘parat(' fitting. On one side the fitting forms a. caj> to the 
proj(a'ting spar llangt‘s, the fitting being let in (lush, whilst 
th(^ so('kt‘ts on the other side an^ fitted externally. ILxtra. 
.strips iirv. jdaced on l.)oth sides of the spar in a vertical position, 
as shown in the log. on ])age 90, C'hapter Vll, to hold the whole' 
firmly together. 

fi'ixing can In^ done' by one holt or pin jxassing through botli 
llanges or, preferably, by separate Ix)lts for each Ilange and, 
ill order to accom])lish this, the nuts arc welded to the inside 
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of the socket fitting. Still another alternative is to employ 
scptiratc bolts which lock one into the other, a method specially 
suitable when the top and bottom flanges are fairly close 
together. 

A modification of this type of joint employs a “ U ” 
fitting for the male end, very similar to the attachment fitting 
of the fuselage, shown in Fig, in, and should be bushed for 
preference. 

Attachment Bolts or Pins 

Plain bolts are seldom used for this purpose, owing to the 
tight lit necessary. The plain tapered pin, the amount of 
taper being quite small, is largely used and is fitted with a 
wing nut. Locking is done by means of a piece of soft wire 
placed through a hole in the wing nut and bound, either to 
another wing nut, or to some fixed part of the machine. 

C 

Fig. II 6. Fig. 117. 

Tapered Attachment IHii. Tapered Sleeve Attachiueiit Pin. 




Fig. 1 17 shows a very ingenious tapered bolt which is often 
used in conjunction with the “ Darmstadt type of liftings. 
It consists of a hollow tapering sleeve, making a sliding (it 
with a small diameter bolt. The bolt head is of wing shape, 
whilst the threaded portion has a larger diameter than the 
shank so that the tapered sleeve will not come apart. 

A small clearance is allowed between the ends of the sleeve 
and the bolt. 

In action the sleeve does not rotate and is not, therefore, 
damaged by the sharp edges of the other fittings. The tighten- 
ing action of the bolt merely forces the sleeve well home. 
It will bo noticed that the sleeve takes most of the shearing 
load, due to the transmission of the bending moment at the 
joint, wliilst the bolt acts as a means of getting the sleeve 
into position and then holds it there. 
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All bolts and pins should, wherever possible, be placed 
with the bolt head uppermost or to the front, so that in the 
event of a nut working loose, and coming apart, the bolt will 
remain in position. 


Strut End Fitting 

Up to the present time most main plane lift struts have 
been built in wood and encased in a plywood fairing. If, as 
is often the case, the main member of the strut is placed 
laterally in section (Fig. 1 18 (a)), so as to use the plywood casing 
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tor strcngtli along the longitudinal axis, then plates may be 
bolted to both sides of the main member and the lugs drilled to a 
larger diameter than is required for the attachment pin, so as to 
accommodate a sleeve or bush (Fig. 1 18 (6)) . This bush may be 
held in position by welding, or any other suitable means. 

1^'or struts of solid section, and built-up struts, which 
include a main member of thicker section longitudinally than 
that illustrated at lug. ii8 {a), a single plate 
bent lo lit both faces (Fig. 119), makes a simple 
lilting. It should be secured to the strut mem- 
ber’ with several small bolts and may be bushed 
if dcisired. Instead of the flanges of the fitting 
bolting outside tlie strut, they may be brought 
together and inserted in a saw-cut down the 
centre of the strut, the whole being bolted 
together as before, Mctai strut 

Metal ti.ibular struts are generally fitted with End Fitting. 







SAILPLANE rONSTRU('TTON 


machine-turned, end-capping pieces which may (it inside, or 
outside, the tube and fix with pins or brazing. 

Sometimes metal tubes arc trapped down at the ends, in 
which case similar fittings to those already described can ])e 
made to serve. This applies also lor tubes of oval or stream- 
line section. 

Strut/Spar Fittings 

These are usually simple plate fittings l)ollcd to the spar 
at the same angle as the strut takes wlien in position. A 
small flange turned up along one side of each plate kmds the 

necessary stiffness and prevents 

% (o\ ^ bending of the lilting during 

^ assembly. 

^ ^ fitting is sonutimes com 

" — billed with the one connecting the 

VI outer part of the wing to tiui 

I'lG. T2I. Spar /strut Fitting, central portion, which makes pos- 

sible a reduction in the numlx'r 
of securing bolts, in the number of fittings and also of 
weight. 

Strut/Fuselage Fittings 

The main lift struts should, for preference, be attachc'd to 
the main bulkheads in the fuselage, in which case ])lat(‘ (it lings 
closely resembling those described for the spar-strut joint are 
most suitable. It is, however, sometimes necessary to make 
attachment to the bottom longer- 
ons, or to the keel in certain cases, 
and these may then take the 
shape of '' U pieces with extend- 
ing lugs to fit round the strut end 
(Fig. 122). 

In bolting the fitting to the 
fuselage member, care should be 
taken to arrange for the bolt heads 
or nuts to be placed close up to the 
lugs to prevent the lugs from pull- 
ing when subjected to tension 

loads, or, alternatively, an extra Stmt /Fuselage Fitting, 
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plate with rounded edges at the base may be inserted as 
shown in the diagram. 

When attachments are made to such members it is essential 
that the load should be suitably transmitted to the main 
bulkheads. 

Skid Attachment and Launching Hook Fitting 

The launching hook consists sometimes of a simple stout 
hook litted with a large collar, to distribute the pressure over 
a wide area, and a shank to pass through holes drilled in the 
skid and keel, a nd is fixed by a nut and washer. 



As explained in the paragraph dt‘aJing' with skids (page' 140), 
the nose of the fusclagi' is generally strengthenc'd up at this 
point. 

An alternative method is one in which the hook is attached 
strongly to, or passes through, a Hat plate of steel, which, in 
tmii, is secured to the under-side of tlic skid and fnselagx^ by 
a number of small bolts, while another type of hook (itting 
is turned up from a sheet of metal to lit over the front of tin' 
skid with the ends coming togctlier to form one (over the hook 
portion), as shown in Fig. 124. 

Tail Unit Fittings 

Fixed tail surfaces are seldom used unless tliey are built-in 
with the fuselage. In other cases they are generally s])lit into 
two halves and attached on each side of the body by siin])l(' 
forked eye-bolts similar to the hinge httings. 
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Such tail planes are supported by wires above and below, 
or, preferably, by struts only, which connect the under-side of 
the tail plane spar from a position, approximately one-third 
to one-half the span from the root, to a point near the base of 

the fuselage, generally at the stern 
post. The fittings used for both 
wires and struts consist of plain 
strips of steel bent to the angle of 
the wire or strut with the fuselage, 
and are suitably bolted into 
position. 

When there is no fixed tail 
plane the elevator may be cither 
in one or two parts. If in one, it 
is attached to the stern with 
Fig. 125. simple hinge fittings, but, when 

Elevator Attachment Fitting, the elevator is halved, the support 

fitting generally follows the rather 
ingenious method first evolved for the Professor '' type of 
empennage. This type has the great advantage that no 
controls need be undone during dismantling of the machine, 
so that adjustment of the cables is rendered unnecessary. 

A fairly large diameter tube is fixed into the rear end of the 
fuselage, so that it protrudes on each side by about 8 to 15 in. 
(Fig. 125). 

The tube is rotatable in bearings, which are fixed to support- 
ing channel pieces, which, in turn, are attached to bulkheads 
in the fuselage. 

A corresponding tube in the 
elevator, which may form the main 
spar, slides over the supporting tube 
and is fixed in position by either one 
or two bolts. 

The tube may be bushed to re- 
ceive these bolts, both for ease of 
assembly and also to provide a 
larger bearing surface between the 
holt and tube, and the main tube 
may be drilled or otherwise suitably 
cut away for lightness. 

King-posts are fixed at the Fig. 127. — JUi(l(,l(‘r lliiigti. 
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centre of the tubular support to which the control cables arc 
attached. Rudders, ailerons, and also elevators used in con- 
junction with fixed tail planes, are seldom hinged otherwise 
than with normal forked eye-bolts. They should either include 
a collar of large diameter, or should be fitted with a large 
washer under the head, and another washer under the nut, so as 
to spread the load over a large area and avoid cutting into the 
spars. 

Hinge pins should be a good fit and lock with safety pins, 
split pins or locking wire. In some instances these fittings 
have been made from welded-up sheet, in the manner shown 



l''iG, 128. — Kucldor llin{:'(‘. 
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illustrated in Fig. 127, but this seems unduly elaborate, and a, 
simpler method is shown in Fig. 128, in which a jncce of tubing 
is brazed to a flat plate. This is very simple, but is somewhat 
unreliable, as the strength depends solely on the lirazed joint. 

In another type, " L shaped bolts are used in conjunction 
with eye-bolts, but this is not strongly recommended. 

The use of any fittings that arc held in position with wood 
screws is unsatisfactory, owing to their lial)ility to work 
loose, and the rotting of timber which so often sets in afUa* 
some time, especially when exposed to the weather, 

King-Posts 

These are sometimes made of multi-ply or spruce iiicvd 
with plywood, and are glued and, sometim(‘s, scn‘wed to ilu' 
spars, though very often they are bent iij) from sliced nudal, 
either steel or duralumin, whilst in a few cases oval tubing 
has been utilized. 
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A siinpL ]:)Ia,tc fit- 
ting is shown in 
130, in which lugs ]kvv(^ 
l)een turned out abov(^ 
and below and on the 
inside of the spar, these 
being fixed by small 
bolts. The actual king- 
posts are strengthened 
up with wooden fairing- 
pieces, both to reduce 
drag and to ]n*cvent 
buckling in a sideways 
direction. 

Box king-posts, 


luG. 1 30. ----Aileron King-post. either welded or riveted, 

can be employed, but 
are not usual in sailplane construction. Some machines have 
king-posts made in the form of a circular arc with a groove* 
cut down the outside circular 
edge. The cable is attached at 
the base of the post and runs 
along the groove, so that the 
lever arm remains of constant 
length at all angles of the con- 
trol unit, instead of becoming 
less at higher angles, as is the Fig. T3T.-AVdik‘(i nox Kang-po.si. 
case with some fittings. This 

also enables the cable to pass into the main ])lane at oiu' I’lxc'd 

])()int for all aif'ron 
angles. King-])osls 
hav(^ been madt* of 
a singh^ [)i(‘ce of 
oval tulung bolted 
at the centre to 
the S])ar and 
strengtliened at 
the ends to receive 
the cable ])in, but 
this is not wholly 

loG. 132.-— Constant Jvcvcragu Control Lover. satisfactory. 
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Control Cable Connection 

Where wings and other parts have to be dismantled often, 
it is inconvenient to have to undo turnbuckles to release the 
cables, apart from which careful adjustment is necessary again 
at each assembly. A simple fitting to overcome this consists 
of T piece and stirrup 
attachments fitted to the 
ends of the cable, the 
stirrup being bent up from 
a strip of steel and pro- 
vided with a slot (Fig. T34). 

In assembling, the head 
of the ‘‘ T piece is placed 
along the slot of the 
stirrup, with the tail por- 
tion perpendicular to the 
s t i r r u p, and rotated 
througli a right angle to the position shown. To prevent 
movement after fitting, a small piece of locking wire is then 
inserted through the small hole, shown in the stirrup, and 
locked. 



r'lG, T3.1 .—Control Cable Connection. 


Control System, General 

The ('ontrols of a sailplane resemble closely those of a normal 
])ow(‘r aeroplane, the principles, of course, being exactly the 
same. 

TIk'V should, however, be designed for lightness consistent 
with adequate strength, due allowance being made for wear 
and tear, h'or example, it will be found that 5 cwt. cable will 
1)(‘ sufficient to transmit practically all control loads necessary 
with a sailjdane, but, owing to possible fraying and wear, 
i'onlrols are gcmerally made with 10 cwt. or even 15 cwt. cable. 

Th{‘ ('ockjoits of sailplanes are more confined than those of 
aero|)lant‘S, and the control system has to be modified to suit 
th(\s(‘ conditions. 

Lul)ri('a,ti()n oi moving parts should be provided for, and 
pulhpy guards should be fitted wherever possible to prevent 
any slipping off of the cables. Inspection panels, consisting 
of small celluloid plates, should be fitted in the vicinity of all 
control pulleys in the wings, to enable a (piick visual check to 
l)(‘ made afl(n' t‘i\‘clion, or before a (light. 
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Control Column (Ailei'ons and Elevators) 

The simplest form of this control consists of a vertical 
column, or joystick, which pivots about a fulcrum situated 
about one-sixth to one-quarter of its length from the lower 
end. The cable is attached to the base, passing forward and 
over a pulley and thence back to the elevator king-post, round 
another pulley at the stern and forward again to the control 
stick. It will be noticed that it is necessary to cross the 
cable to obtain the desired effect on the elevators. The fulcrum 
pin, referred to above, is housed in a support stirrup attached 



Fig. 135, — ^Simple Control System. 

to a torque tube which is suitably fixed to the floor of the cock- 
pit, but free to rotate. At the rear end of the torque tubi' 
a rocking-shaft is rigidly attached, so that sideways inoveinent 
of the control column deflects one end of the shaft, and raises 
the other, in a lateral plane. Cables join the rocking shaft to 
the ailerons, so that when one aileron moves down the other 
moves up, and a check cable joins the ailerons across to 
complete the circuit. 

There are very many variations of control arrangemenC 
although practically all are based on the same princi])le. An 
alternative for elevator control is to connect the base of tlu^ 
column to a shaft running back to a vertical lever, pivoted at 
the centre, with the cables from the elevators connected to 
each end (Fig. 136). 

In place of the rocking shaft for the ailerons there may be 
a single vertical king-post attached to the torqne-tub(\ in ihn 
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extremity of which both cables join ; or again, a vertical king- 
post may be fixed to 
a horizontal sleeve 
supporting the joy- 
stick at the pivot (see 
Fig. 136). This may 
be so arranged that 
fore and aft move- 
ment of the stick 
does not move the 
sleeve, but it is 
rotated by sideways 
movement, thus 
giving the king-post 
and cables a lateral 
displacement. 

Wheel control can 
be substituted advantageously where the cockpit is narrow. 
In such cases the elevator control remains as before, but, 
instead of the column moving sideways, a wheel with pulley 
attached is substituted for this purpose. A cable or chain 
is connected to the pulley at the top, and passes down both 
sides, so that rotation of the wheel tends to shorten one 
side and lengthen the other. The cable 
may then pass over other pulleys and out 
to the wings (Fig. 137), or the cable or 
chain may be made endless by passing 
round a second pulley or wheel at the base. 
Lugs, fixed on the pulley, connect to a 
trunnion, forming a joint with a torque 
tube (lug. 138). The remainder is similar 
to the other methods already described. 
Where a cable is used it is pinned, or 
otherwise attached, to the pulley at the 
extreme top to prevent slipping. 

B Easy detachment of the aileron con- 
trols, during dismantling, can be arranged 
for by the employment of a vertical tube or 
rod, connecting a lever arm on the torque 
Fig. 137. corresponding arm of a cranked 

Wheerccmtroi. lever attached to the aileimn cables. On 
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erectiuii the vertical rod is passed up 
through an aperture in the lower side of 
tlie centre section plane and is attached to 
the crank from above. This is effected by 
means of a sliding or detachable jiaiiel in 
the top of the wing. 

Aileron controls should be on the differ- 
ential system for preference. That is to 
say, the control arrangement should be so 
adju-sted that the down-going aileron has 
^'coniroTl^toiis!* movement compared with the 

up-going aileron, with the result that little 
extra drag is caused on the outside wing. This is important 
for two reasons, firstly because height will not be lost on a 
turn due to the upsetting of the air flow, which normally 
takes place with an aileron fully depressed, especially on thick 
wing sections, and secondly, the tendency to stall and spin is 
largely obviated. 

Stretching of the cable, under load, can be reduced to a 
minimum by loading before use. A weight, equal to the maxi- 
mum control load designed for, is left suspended from the cable 
for some hours, and in this way the initial stretch is taken out. 

Rudder Control 

This control, in its simplest 
form, consists of a rudder bar 
pivoted at the centre, with 
cables attached to the ends and 
to the rudder king-posts. 

The rudder bar may be of 
solid ash, or of steel, or duralu- 
min, tubes. Flexible steel cables 
fitted with adjustable turn- 
buckles should be used and may 
be connected either inside or 
outside the pilot’s feet. It is 
usual to keep the cables parallel 
for a short distance, after which 
they pass round pulleys or 
fairleads, and thence to the 
rudder king-posts. Piano wire is 







Aileron Control Mcchnnisin !’( 
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FITTINGS AND CONTROL SYSTEM 


i6i 

sometimes used, but is not recommended owing to its liability 
to snap. 

Owing to the small width of fuselage near the nose where 
the rudder bar is situated, pedals are often substituted. These 
generally take more or less the shape of a foot, and are hinged 
at the base, with the cables connected about 4'' up from the 
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hinge, the distance depending on the amount of leverage 
required for the length of king-post chosen for the rudder. 

A check cable is recommended, connecting both- pedals 
and passing over a pulley some distance forward or behind 
the rudder pedals to prevent excessive loads being exerted 
on the rudder king-posts, although this is not essential. 

A modification of the pedal system, and one that is very 
suitable for sailplane purposes and at the same time easily 
made, is one in which two tubes or 
bars of fairly small diameter are bent 
to the shape of an inverted “ L.'’ The 
lower ends are pivoted on a pin suit- 
ably supported (see Fig. 141), while 
the shorter arm is used for the foot- 
rest. Small capping pieces should be 
attached on the outside ends to pre- 
vent slipping of the feet, and small 
lugs are formed on the vertical arms 
for th(‘ cable attachment. ,, o n 

j 1 J.1 1 1 1-1 1- IviKlilor iva.'ils. 

iliis urningement, ;ina the pedal 
system to some extent, is capable of adjustment for pilots of 
different height ; this being a feature difficult to obtain with 
the orthodox rudder bar, unless fitted with adjustable 
pedals. 

Some sailplanes have been constructed with twin rudders, 
in which case it is usual for each rudder to act outwards only 
M 
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and independently of the other. The pedals have separate 
action and connect only to the corresponding rudder. In this 
way both rudders can be actuated at once to form an air 
break. Light springs hold the rudders in their neutral 
position. 




Fig. 143. — Wing Attaclnnciit and Pilot's Cockpit — '' Pafnir." 
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Materials of Construction 

vSpruco — Ash — J'lywood — Steel — Aluminium — Duralumin — Cement and 
C '» 1 lie — Fal )rics — Brads — Dope — Spliced J oiu ts in Timber — 
Lainiching- Elastic — Wires, Cables, etc. 

vSailplanes should be constructed of nothing but the best of 
materials. Unlike training gliders, the advanced machines 
are designed for extreme lightness compatible with the necessary 
strength requirements of flying and handling conditions. In- 
ferior materials cannot produce the most efficient machines 
and either the flying qualities or the strength must suffer. 

A good sailplane has as little redundant material as a power 
machine, and perhaps Je.ss. 

The chief material of construction, at the present time, is 
limber and, although alU'm])ts are being made to effect a 
('hang('a)ver to metal, it is fairly certain that timber will at 
least hold its own for several years. 

Th(‘ main advantages gained by, and the reasons for, the 
use of nudal for aeroplane construction are : 

{(i) Less lire risk, 

(h) 'J'lie lack of suitable timber in large quantities, 

(e) A sa\uug of hand-work during manufacture, and 
{(I) The possibilities of mass production, especially beneficial 
in lime of war. 

T1k‘S(‘ factors are of very small importance with sailplane 
manufaeture, apart from which the employment of timber 
lias the following definite advantages : 

{a) dieapness. 

[h) j£ase of repair. Idiots and club members can effect their 
own x'cpairs to a large extent, and need not be very 
experienced craftsmen for the job. 

(c) Timber structures lend themselves readily to alterations 
and additions. 
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Plywood is used very largely iu sailplane design. It is 
strong, comparatively light, easily manipulated, and does not 
dent as does metal sheeting. 

The chief materials are silver- spruce and plywood, whilst 
ash is employed for parts sulrjected to bending, rough usage 
or wear, such as main skids. 

Spruce 

Spruce is used for spars, longerons, struts and ribs, where 
strength and lightness are the main considerations. It should 
have a moisture content of between 14 and 17%, and a straight- 
ness of grain of i in 15, that is to say the grain should not 
deviate from a line parallel to the edge to a greater extent 
than this. It should be quite free from knots and other 
irregularities. 

Ash 

This is used for skids and other parts which are bent 
before use, or are subjected to betiding during use, also where 
hat'd blocks are required, and for parts subjected to wear. 

The moisture content should be no higher than i()%, 
with a straightness figure of i in 10. 

Plywood 

Plywood is employed to a large extent in the manufaciur(‘ 
of sailplanes, ft is chielly used for leading edge' covering, 
fuselage covering, spar webs, strut fairing, fuselage litilklu^ads 
and gussets iu ribs, fuselage, etc. 

it is manufactured from birch, mahogany or teak, witli 
central corns of birch, poplar or whitewood, and is obtainable 
in three, four, live, or more, plies. 

AKernate veneers arc laid with the grain periiendicular to, 
or at some angle to, the adjacent layers, and are glued logetlu'r 
with a good waterproof cement under pressure. 

The cement is forced into the grain, with the result that tlu' 
sheets are stronger than the timber from which they are madia 
Botli the oiitsiclc layers have the grain nmning parallel to tlu‘ 
length of the board. 

Joints in the veneers should not be frequent and should be 
well staggered. 
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Steel 

Most sailplane littiiigs are made of bciit-iip mild steel sheet- 
ing, and are very often welded. 

Steel sheet (28 ton), to specilication B.E.S.A,, 2.S.3, is 
easily worked and is suitable for welding. Steel bar for bolts 
rods, etc., should be to specification B.S.S. 3 S.i, of 35 to 45 
tons per sq. in. maximum stress, and steel tubes chosen from 
those given in Appendix VII, Table ii, according to the purpose 
for which required. 

Most steel needs heat treating, after working, to restore it 
(o the original strength. Steel to specification T.6 and 8cjA. 
need not be normalised, but if left untreated it has only about 
two- thirds of its full strength. 

Aluminium 

d'hcrc are three grades of aluminium, soft, half-hard and 
hard, Ihc hard having nearly twice the strength of the soft. 
As aluminium is seldom used where it will be subjected to any 
blit very light stresses the soft grade is generally used. 

It is also available in bar and tube form. 

Duralumin 

Duralumin has been used to some extent for simple fittings. 

( )wing to its softness in comparison with steel, and the ease 
with which it becomes distorted, it is not greatly favoured 
t'xce[)t for protected parts. Also it is not easily welded. 

Diirahimin can be obtained in sheets, bars and tubes. 

Cement and Glue 

('asein cement, or cold water glue, is obtained in powder 
form, is simple and quick in use, and is favoured for aeroplane 
('onstriiction. 

The ])ow(U‘r should be mixed with an equal quantity of 
wal(‘r and well beaten up or stirred to form a homogeneous 
pasty llnid. It is ready for use in ten minutes after mixing, 
but should only be used during the day on which it is made. 
Iu)r this reason small quantities should be made as and when 
rt‘quired. 

The cement should be applied to both surfaces to be joined 
and allowed to become tacky for best results. The parts 
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slionld then be clamped together with a moderate pressure 
(200 Ibsysq. in.) and left for 16 hours. 

When clamping, care should be taken to prevent any 
slipping of the parts. 

The shear strength of joints should be not less than 1,100 
Ibs./sq. in. 

Gelatine glue, or hot water glue, is applied hot, and parts 
are clamped together as before. Shear strength, 1,100 lbs./ 
sq. in. Such glue should be applied in a temperature of not 
less than 70° F., and the parts left in the glue room for a 
sufficient time to prevent chilling. 

Overheating and repeating are detrimental to its strengtli. 

Fabrics 

Fabric may be of Irish linen or Egyptian cotton. 
are various grades and weights, but a close mesh is desirabk'. 
The weight should not exceed 4 oz./sq. yd. Some of tlie 
lighter fabrics hold more dope and are therefore of doubtful 
economy. 

Silk is also used for sailplane covering. 

Brads 

If brads are to be left in timber after construction is com- 
pleted, they should be of brass. When they are used in con- 
junction with external strips of wood, and are removed aftc^r 
the glue is set, steel brads may be employed. A magnetised 
hammer can then be used which facilitates the work. 

If steel brads are allowed to remain in timber, corrosion is 
bound to set in, with the result that the wood surrounding 
the brads becomes ruined. 

Dope 

Transparent dope is nearly always used for sailplanes and 
gives a smoother hnish than aluminium dope. It should bi'. 
applied in a temperature of between 65° and 70° F,, with 
forced ventilation, but free from draughts. Special dope is 
available for application in lower temperatures, but best 
results are obtained under heated conditions. 

The dope should be well stirred both before and during 
use, and too much should not be taken on the brush. 
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The first coat should be brushed well into the fabric lo 
caisure proper adhesion, and should be laid on in sections. 

Subsequent coats should be evenly laid on, each preceding 
coat being thoroughly dry before starting the next. 

Three or four coats of dope and one of varnish are recom- 
mended, One gallon of dope covers about 8 sq. yds. of fabric, 
and adds about i-| or 2 oz./sq. yd. to the weight. 

The tension of doped fabric is between 2 and 4 Ibs./in. run. 

Spliced Joints in Timber 

Splicing of timber may be done for spars, longerons and 
struts, it properly made, and if the joints are properly placed 
in relation to the loading of the structure. 

The splice should be a straight scarf joint with a slope not 
coarser than i in 9. 

The strength of a well-made spliced joint is about 80^/^ 
that of a corresponding solid member. 

Longeron splices may be made with four pegs, or bolts, 
evenly spaced, glued and bound with tape. The splice should 
not be at a joint where other members join, but should be 
between this and the mid-bay position. 

Spar llanges should be spliced at points of inllection, and 
web splices between the inflection points and, if possible, where 
local stifTening exists. 

Launching Elastic 

Normal [j'' diameter rubber shock absorber cord is generally 
used for hand launching. 

'J'lie cord consists of multiple rubber threads tightly en- 
cased in two coverings of cotton braid. 

The load required to cause a 100 % extension is roughly 
200 lbs., and this is the normal strength of each launcliing crew 
with a single rope. 

If the ropc', is to be retained in good condition it should not 
be stretched beyond twice the original length. 

Wires, Cables, etc. 

Tables of sizes and strengths are given in Appendix VI 1 . 
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CHAPTER XIV 


The SOx^ring Site 

Winds, Direction and Velocity — Wind Roses — Dimensions of Site — 

Site for Distance Flights — Launching and Landing. 

Sailplane flights are started from hill sites or, when the 
initial height is obtained by aeroplane or auto-towing, from 
flat level sti*etches such as aerodromes. When mechanical 
launching has superseded the ordinary manual launch it may 
become more usual for starts to be made from level ground 
than from hill-tops. 

The requirements of a hill site are described here. 

The ideal site consists of a hill, ridge, or series of hills, with 
the best slopes facing the prevailing wind, which is S.W. in 
Britain. 

If suitable slopes can be obtained facing in all directions, 
tlu‘u soaring flight is possible on all days on which sufficient 
wind is present. 

Winds— Direction and Velocity 

I'he factor of greatest importance is the wind, and all 
a.vailable statistics for any particular district should be ob- 
tained. If these are studied, together with a map of the site, a 
fair estimate of the number of days on which soaring will be 
possible, and the most suitable periods, can be made. 

lh>r England generally the prevailing wind is S.W., except 
for March, when strong winds from the N.E. and S.E. are 
common. Ihom September to February winds are fairly 
constant from the S.W., with some intervals of northerly 
winds, and are of considerable intensity ; in fact this period 
would appear to be the most suitable for soaring, certainly in 
the south-eastern parts of England. 

During April the winds are variable, of moderate intensity, 
and blow from practically all directions, except E. and N.E. 

171 
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East winds are very rare, except for the month of March, so 
that hills facing in this direction are the least valuable. A site 
wliich makes flying possible for winds from N.W. through W. 
to S. is nearly ideal, and there would be very few suitable 
flying days that could not be utilized on such a site. 

During the summer months winds are light and arc mainly 
from the S. or S.W. with northerly periods. 

Owing to the formation of sea-breezes the winds in coastal 
districts become modified to some extent. 

It may be mentioned that the wind changes direction with 
height, through a clockwise movement, so that clouds moving 
across the site, at a height of 3,000 or 4,000 ft., generally 
make an angle of 30 to 45° with the ground wind. 

Wind Roses 

Figs. 144 and 144A, show wind roses for the London 
Gliding Club grounds at Dunstable in S.E. England, for the 
period January to June, which have been specially prepared 
for glicling, from observations carried out by the author. 
The distance apart of the rings, radially, represents one day, 
while the intensities of the winds are denoted by the width of 
the column. 

The wind columns have been drawn on the side from which 
the wind blows, so that if the diagram is used in conjunction 
with a map of the site, the value, from a soaring standpoint, is 
easily recognised. 

The intensities of the wind have been divided into four 
grades of the following approximate velocities : slight, 5 to 
10 m.p.h. ; moderate, 10 to 20 m.p.h. ; fresh, 20 to 30 m.p.h. ; 
and strong, 30 to 40 m.p.h. These velocities represent the 
values at the hill-top. 

Soaring can be carried out generally in all winds except 
slight, and on the site under consideration flights have at 
times been made in slight winds with very eflicient machines. 

By reference to Fig. 145, which represents the gliding site, 
it will be seen at once which winds are suitable for soaring. 
"Jlicse have been shaded and are from N.N.W. through W. 
to S.S.W., although soaring in a N.N.W. wind is rendered 
difficult on account of the protruding hill at the northern end. 
On the other hand, the cup known as Pascombe Pit collects the 
wind, and thus often makes soaring possible over the cup in S. 
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winds. On such occasions the wind is deflected round the 
hills on the southern end of the site and is forced up the gap. 

The region to the south of the launching ground would be 
good for N,W. winds, but the presence of electric high power 
cables makes low fly- 
ing dangerous in this 
vicinity, so that it is 
only used after suffi- 
cient height has first 
been obtained. 

The wind roses 
show that soaring is 
possible for 131 out of 
365 days, excluding 
flight in S. winds, or 
a percentage of 
roughly 36 for the 
whole year, although 
the if best part only of 
each day were selected, 
the figure would be 
brought nearer to 50^/^. 

The height of the 
ground at the top of 
the hill is just over 
700 ft. above sea level, 
and at the immediate 
base is 500 ft., al- 
though the land con- 
tinues to slope away 
towards the W., with 
the loss of a further 
100 ft. 

'fhere is not likely 
to be any very appre- 
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3 Miles 


Fig. U13. 

London (aiding C'lnh Sitt‘ a.i l)unsl:d)l(‘, 


ciiible (Urferonce in the wind roses for the sonth-castern part 
of England, so that Fig. 144 can be taken as a. fair indication 
for this region. 

Dimensions of Site 

The first consideration is height above the surrounding 
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country as this affects wind velocity, the upward component 
present, and the magnitude of the soaring region. "Jlie wind 
speed at the top of a hill, of about 200 ft. in height, may be 
approximately double that at the base. 

For best results the hill should be of very considerable 
height and well clear of all neighbouring obstacles, such as 
other hills, trees and buildings, but, providing the surrounding 
country is fairly flat, good soaring conditions will be found 
with hills of 100 or 200 ft, in height. As illustration, it may 
be mentioned that the western slope of the Wasscrkuppe 
hills is well over 1,000 ft. in height and more than 3,000 ft. 
above sea level, although the sand dunes of the Rossitten site 
are no more than 100 ft., but since they are situated on the 
Baltic shore, where high winds from the sea prevail, the 
conditions are very suitable. 

For preference the slope should not be too bluff, sucli as 
a vertical cliff, as eddies are formed by the hill face, and on 
top of the hill, which cause considerable danger to aircraft 
owing to the downward air currents and the turbulence vSet 
up. This is shown in Fig. 146, and it will be noticed that 
conditions are quite suitable provided that the machine is kept 
well away from the cliff face and top. 

This eddying effect can be seen by standing at the foot of 
a cliff on the windward side. If a steady wind is blowing it 
will be noticed that grass, or small objects, are blown away 
from the hill, but as a gust approaches the direction is changed 
towards the cliff. As the gust subsides, conditions are un- 
settled for some seconds, after which the direction bccom(\s 
once again away from the hill. 

A large part of the wind momentum in this area is dissipated 
in the formation of eddies. 

It would be thought that a slope, making an angle with the 
horizontal, just greater than the gliding angle of the sailplane 
would be sufficient, providing also that the wind velocity 
equalled the forward speed of the glider, but in pi\actice a, 
coarser slope is found necessary. 

A ridge of shape resembling Fig. 147 has both windward 
and leeward eddies, and is not very suitable, besides which 
a reasonably flat top is required for launching purposes. Fig, 
148 shows a hill that would provide good soaxing conditions for 
winds of two directions, with an absence of serious ciddies, and 
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possesses besides a good top suiTace for launching and 
landing. 

The next consideration concerns the length of ridge along 
which soaring flight can be made. Height is lost on turns, and 
hence it is obvious that the difference between being able to 





soar in a light wind and failure to do so may often be dependent 
only on the length of ridge. Ajxirt from this, a short ridge is 
less eHicient owing to the “ spilling " effect of the wind at both 
ends. 

The ridge should be at least halt a mile long, and longer for 
jneference, if sufficient hedght for distance flights is to be 
ol)taine(l. 
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Site for Distance Flights 

The easiest method of making long flights is by contour 
soaring, and consequently it is very desirable that a long ridgt', 
or number of hills, should connect with the main site. A 
ridge of several miles in length, such as the northern side of 
the South Downs, provides the best conditions for long 
flights requiring no great amount of skill, but sites of this 
nature are generally “ one-wind '' sites, that is to say are 
available only for distance flights for winds over an angle of 
roughly 90°, so that the directions of such flights are very 
limited. 

A hill forming one of many hills enables long flights to be 
carried out in all winds, providing there are suitable launching 
places available, but greater skill is required to negotiate 
correctly the various hills and wind currents. 

Convection and cloud soaring flights may be made from 
sites of limited area, but, even for these, conditions seem mor(‘ 
favourable over a large expanse of hill country. 

The existence of a cup, or cups, on a site is a valuable asset. 
By this is meant a hill of a horse-shoe shape which collects tlu' 
wind as a funnel, and thus produces a strong up-current of air. 
The jaws of the horse-shoe should be wide apart to prevent 
the formation of dangerous eddies, and it should be noted 
that unless the wind is blowing directly into the cup, there arc‘ 
likely to be set up turbulent air currents. 

The cups provide good soaring conditions, besides which 
they form very suitable starting points fljr distance flying. 

Launching and Landing 

It has already been mentioned that a good flat surface is 
necessary at the top of a hill for launching purposes. There* 
should be a good clear space, devoid of obstacles sncli as biislu's 
or fences, facing in all directions for which soaring is possibh*, 
and should include an area of fairly level ground for 
landing. 

The ground at the ba.se of the hill should be suitable for 
landing, clear of rocks, fences, etc., as it is not always possibh; 
to land at the top. 

A larger landing ground is required below the hill than at 
the top because the higher velocity wind on top reduces the 
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^t^ruiuid speed and enables better judgment to be made. Also, 
if the pilot is unable to bring his craft to ground at the desired 
spot, on the hill-top, he is able to continue in soaring flight 
and make another attempt, whereas, of course, this is impossible 
at the base. 
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Piloting a Sailplane 

Launcbmg — Mechanical Launching — Turning — Soaring— -Speed o! 

Flight — Landing. 

These notes apply to the flying of sailplanes, but are also 
applicable to intermediate types of gliders and to primary 
training machines if used for soaring flight. 

It may he as well here to add that elementary gliders are 
not designed as soaring machines, and are most inefficient for 
use as such, but soaring flights of considerable duration are 
possible when both the wind and terrain conditions are 
exceptionally good. 

Launching 

The launching of a sailplane is very similar to that of an 
ordinary glider. A fairly smooth piece of ground should be 
chosen at the summit of a hill or as near the top as possible, 
and the machine placed almost directly into wind about 
100 yards back from the brow. This allows the crew a clear 
run on fairly level ground and enables the sailplane to cast 
loose at the top of the hill and thus to take fullest advantage 
of the up-currents there. A further advantage is that the 
machine rests in comparatively still air prior to the actual 
take-off. The sailplane should be held down until the pilot 
is seated. A crew of about 14 is generally necessary, which 
allows for one on the wing- tip and between two and four liolding 
back at the tail. The tail group can be dispensed with if an 
automatic release is employed, but the man-power method is 
to be preferred if obtainable, as it has been proved safer by 
experience. Where an automatic release is used the sailplane 
has to be specially fitted with a suitable device for attaching 
to a ring which is firmly secured to the ground by a large peg 
or pegs. This usually takes the form of a hook attached at 
the l)ack of the skid, which may be either released by the 
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pilot or released automatically, as the pull reaches a certain 
predetenniucd amount, at the desired moment, so that it falls 
back and enables the ring to fall off. 

Some elastic or spring arrangement should be incorporated 
in the anchorage so as to reduce the sudden shock on the 
machine (and pilot) when it is cast loose. 

Automatic releases have been manufactured which take 
the form of a box inside which are rings of stout elastic. As 
the launching force increases the elastic rings stretch till a 
point is reached where the holding-back ring is allowed to 
come off the hook. By adjusting the position at which this 
takes place the tension of the launching pull may be set at 
any desired amount between, say, 200 and 400 lbs. 



Such a. rt'lease ovc'rcomes the necessity of a tail crew and 
l)ecoines (‘sseiitial when the starting team is strictly limited, 
ljut necessitates the lixing of stakes at the sailplane’s point of 
de[)artLU'e, and, therefore, as mentioned above, if a sufficient 
team is available it is preferable to use members of the crew 
for this duty. A car with wheels left securely locked can be 
made to serve for emchorage and has the advantage of being 
easily moved to another po.sition. 

It is not wise to employ less than ten men on the launching 
rope if a good, safe take-olf is required, as sailplanes are some- 
what heavy, besides which the main plane is so set that it 
makes a fine angle with the ground, which means that the 
highest lift coefhcient, for the wing section of the glider, cannot 
be utilized, and in consequence the taking-off speed is greater. 
(See also the paragraph dealing with the wing attitude on 
page 28.) 

The elastic may be either single or double, preferably the 
latter, of length about (So ft. from the hook to the end, opened 
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out ill an angle of roughly 30°. When double chistic is used 
the numljer of the crow may either grip both cords or the crew 
may be divided so that each half takes one strand. 

As many as seven or eight men may be placed on each 
h'g of the launching rope to ensure a strong pull-off, so that 
a good initial height may be gained. This is of imporlaiu'o 

when soaring is diflicult. 

I / ~/| I'he launching clastic 

500 - l^L or shock-cord should be of 

I / good grade shock-absorber 

450 T elastic of g'" diameter, or 

/ / y' elastic may be used 
jf where the elastic is 

0,50 LJ- doubled. 

/ The elastic should 

^300 never be stretched beyond 

twice its original length, 

or both the rubber and 

‘Y'i the cotton covering will 

/ / be damaged. 

150 ^ Yig, 150 shows typical 

curves for the energy re- 

quired to stretch V and 

50-1/- elastic cords by 100%, 

\f from which it will be real- 

°o J5 50 75 100 m ISO 17S7. ised that the larger size 

Per cent. £}ongation needs a forcc of al)oiit 

260 lbs. to stretch to twicu^ 
Chiu-acteristics of Sliock-nhsorbcr Corel. its length, and the smaller 

150 lbs. 


Per cent. Plongation 
Fig. 150. 

Characteristics of Shock-absorber Cord. 


Assuming a “ V angle of 30° and a single ropt\ the 
force in the direction of flight becomes 2X2()oxras\ i5‘\ or 
about 500 lbs. The necessary holding-back fonx' on tlu^ tiiil 
will be about 100 or 150 lbs. less owing to ground fri(flion. 

As the glider leaves the ground the crew continue to run 
so that the launching force is retained for a longer pendod. 
The cemunands for the start, which a.re best given by the ])ilot, 
are the same as for elementary work; these b(.‘ing “walk,” 
“ run,'' release.” The number of walking steps taken by 
the crew should be between 15 and 20, according to the strcaigth 
of the team, and should be counted by the pilot bc^fore giving’ 
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llu'. c'oiiuniind, “ run/' and the word ''release" is givani just 
aflt'rwards, when the sailplane vshoots vSwiftly forward, in 
a. hi|^h wind or where the start ctew ])a,ss from the pilot's vunv 
it is a very sound j)Ian for all inemlxa's of the team to count 
aloud the walking' steps, and on reaching’' the pre-agreed mnu- 
her, say 15, all yell aloud run/' and commence to run forward. 

If the hiimch is made slightly side-wind, that is with the 
nos(‘ turned towards the direction in which the (light is to be 
inadt', it will be found that the initial turn is made ea,si(a*. 

Main Plane Loading During Take-off 

Till' angli' ef aUa('k should !)(' kt^pt low until the launching 
r()p(‘ falls (‘l(*ai‘, aflei* which a climb can l)c‘ made so that the 
gi‘(‘a(('s{ altitude is o|)taint‘d. 



The loading on (ht‘ main plains is grt‘a((‘sl if (he (‘liinb is 
( oinmencod bffor(' llu’ rope is d(‘la<in‘(L I'or f hes<‘ ('oinlitions 
iln* (‘('utre of piassure is at or near llu‘ ( MMb posilion, 

1 In’ dying speed during tin' lamn’h is in the inaghboiirhood 
«il .|ti iii.p.h. It should !)(' nolt'd (hat the wind specs! aloin* 
may be as high as this, in which c'ase a genth’ launch should Ix^ 
t uiployed. 

I'he maximum main j)laiu‘ load will tlieii b(‘ 
b nimi.j Ki. A Vb and giving suitable' value.; to 
Kn. A and 

1* ,00^4 . 7 . .. aoo . , t)o : ()o 

1,210 11 )S. 
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Now tlir \vinf{ is drsimuMl |ni- a Inad injual tn iis ciu n \vrij.;ht . 
plus lh(‘ loadrtl body wai^ylit inultiplital by a faclur, <a*. say. 
.!«MJ ’ ’o** lbs. 

lA'iun (his i( is stsni that a struat,; launch in a bi.s^h uifut 
(‘an impost* loatls vai'v dost* to (la* (l(*si{;^a*il ti^iput's. 

Taking-Off 

On th(' wtuil " i't*It*ast* “ IIm' ta‘t*\v (aiutiniio to run, and flu* 
saiiplaui^ It*avts (lit* i^rountl abui^st iinint*tliatt*ly. bat. slamhl it 
fail tt> <|o so, tla' pihh shtjuhl assist by pulliui* i.'<‘Otlv on tbf 
stick. AsstHHi as it is aii* bt»rnt‘ tin* stitiv. shonhl bt‘ ht*l<l sliyhtiv' 
lorwartl so (hat the niachint* keeps parallel ttt tlu* e.iuiind and 
so tjbtains the luaxinuan po\vt‘r aial spt‘<*d Irtiin tin* pull oil. 

If tin* start luis bet*u et)n'<*t‘tly judpa'd tin* slnu^k laud should 
fall oil just bt‘fort* tin* sailplane rt'atiies tin* lip (»f tin* hill, 
ami the etaitrol cohann may bt* pulled well back for a slnai 
peritHk Tin* hi,uh lorward s]M‘t*d. toi*etln*r with fin* ent(*iin;: 
of tin* of risiin^ t'urrt'nts, enables tin* m.iehiin* to t lindi 

to a t'onsidt'iable heinjd , perhaps to 50 < »r i ot d I . , Inai t he s( i« 1 . 
is mo\’ed tt» a ptjsition just lt)rward th lu'iitral. Ihetmtlol (ho 
{‘limb ('an bt* i*asily jnd!y‘d by tin* fallin^ip^hf of pressuis* on tin* 
('levator, and on no at't'ount should tin* mat'hiin* bt* allowed to 
rt'at'h stalliiiJ^' spt*(‘d. Apart from tin* danjy*r actaanpansiny 
a stall, praetieally tin* wlioh* of tin* initial height is lost. 

rin* takt* olf should havt* bt‘(*n math* direetly, or nt*ail\“ *ae 
into wind, but as soon as heiybt has b(*('n obtained tin* pilot 
shotild iurn sharply to rir;ht or lelt so as to travel parallel with 
tlu* ridg(* or hill (op. 

Mechanical Launching 

Owing to tin* largt* ert'W lu'ct'ssary for tin* tudinaix* manual 
lamnii, and (In* Ial)our involvt‘d. manx' at((’tnpl‘> have Itetm 
mad(* to ('volv<* a satisfaetory and siniph* lamn li with the aid 
nf un't'hanii'al power, ^(‘tn'rally motor ears. 

No (*(Mnplet(*ly satisfat'tory ni(‘ihod has yet lH't*n oblaiinsl, 
although ennsi((('rahh* sn(U*ess has bt*(*n aehi(*V(*d. Most 
nu‘tho(js an* ae('ompanit*d with an (‘K’nn'id ((f dang(‘r, md 
]na’S(‘n(; with tlu^ manual latitn'h, and I'oi' this rea‘.{tn nu*('h;mical 
lamn’lung is not y(*t popular. 

Tlien^ am s(‘V(*ral possiblt* arrang(*nu*nts for laum hiup, bs* 
motor oar, but: only two am al pr(*st*til m(*omnn‘ud(*d by tlu- 
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B.G A. (See Appendix III for the B.G. A. Regulations govern- 
ing mechanical launching.) 

In the first method the motor car is connected to the glider 
with a double length of elastic cord and a length of at least 
100 ft. of cord or cable. If the cable is placed between the 
clastic and the glider, there is little likelihood of either the 
pilot or the car driver being injured in the event of a breakage 
of the elastic cord. 

To prevent over-stretching of the elastic, a small flag, or 
other suitable mark, is lixed to the ground in such a position 
that the release can be timed for operation as the elastic is 
stretched to twice its normal length. 


A 




Cor^d (100 Ft minimum) Double Eldstic 


152. ML'chiinica,! I.auiu'hiiig. 


-a -> 


Apart from this the launch is made in the usual manner. 
After till' r(‘l(‘as(^ tht‘ car turns off to one side. 

Tht‘ chi(‘f (lini(‘ulti(‘s with the method described arc that 
llu' start has to b(' made' at a considerable distance from the 
t‘dg(‘ of the hill, which may amount to 300 ft. if the wind 
dirt'ction is ])erpendicular to the hill, and also a long runway 
of level ground is required. These difficulties are obviated to 
a larger extent in the following methods: 

In one, the elastic is pegged securely to the ground at one 
or two points forward of tlie glider, a car is attached at the 
back of the glid(‘r and pulls the glider backwards. At the 
reU'asti the glider shoots forward. 

'This is M)niewha.t disconcerting to the pilot, and the 
additional powcu' gained in the previous methods by the crews 
or car continuing to move forward after the release is not 
])reseiit lu're. It is, of course, essential to have someone 
statioiUKl at the wing-tip to retain lateral l)alance before the 
start. 

In another method, the second B.G, A. approved method, 
ilu' ('able is attached to the glider and is passed forward and 
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round a pulley where it is joined to the elastic, which latter, 
in turn, joins to a car. The car is then driven in a direction at 
right angles to the course of the glider. The glider is lield 
back in the usual way and is released when the clastic beconu^s 
extended to double length. 

Variations of this method are obtained by driving the car 
back towards the glider, but to one side, or by inserting a 
second pulley near the glider so that the car can go forward 
by the side of the glider. 

The disadvantage of any method in which a pulley is em- 
ployed is that the glider is being pulled downwards the whole 
time, the downward component being increased as the machine 
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gets closer to the pulley and, because of this, the length of 
rope should be large. 

Stationary motor cars, or engines, with winding dninis 
attached have been used in place of the moving cars. 

Two cars have been employed in place of the usual ert^ws, 
so as to form a V ” with the glider, but, on account of the large' 
possibility of uneven acceleration of the two cars, this method 
is dangerous. 

A wise precaution with mechanical launching is to have 
a cable release arrangement fitted so that in tlic event of 
excessive speed the pilot can throw off the cable. 

It seems only reasonable that an eflicicnt mechanical 
launching apparatus, perhaps on the lines of tlie aeroplaiu^ 
catapult, should be developed for sailplane work. This should 
do away with the use of large crews, motor cars and clastic 
ropes. At the same time the possibility of a light rocket 
launching apparatus should not be lost sight of, as this might 
have the added advantage that sufficient height could be 
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attained even from flat ground for the start of convection or 
cloud-soaring flights. 

Turning 

At the edge of the ridge or at some distance from the 
starting point it becomes necessary to turn and go back. If 
the wind is fairly high it will be found that gentle rudder 
prCvSsure on the side into which the turn is rcc]uired quickly 
brings the machine facing into wind, but it seems to have 
no desire to continue the turn past that point. This is due 
to tlie weathercock stability of the machine, and the com- 
pletion of the turn can only be accomplished by holding down 
the nose slightly, to incn'ase speed and controllability, and 
then giving full rudder and a, little aileron or bank. 

When flying in a wind of small velocity, the flying speed 
for best ndaining height will be little higher than stalling 
speed and this should be increased by placing the machine in 
a diving position before ('oinmencing the turn. The turn is 
then commenced with a little aileron and full rudder almost 
simultaneously. As soon as the turn is started over-banking 
should be prevented by holding-off, as when flying a power 
machine. This is dont* by moving the; stick in the direction 
opposite to tlie turn, hut if it is overdone tlu^ turn is interrupted 
and cannot be readily ri‘('oinm(MU'('d. d'he stick can now be 
])ulled gently backward again so that at tht‘ conclusion of the 
turn normal speed will bc‘ regained. Wlum the turn is com- 
pleted neutralise all controls and if the specal is still on the 
liigh side it can usually be converted into a slight gain of height. 
It is a good plan to choose a ])oint of strong up-current for 
turning, as the height lost is oft(Mi suflicicMfl iiiuh'r^^poor 
conditions to imdce soaring llight iin[)ossibl(‘. 

'J'he practice of gaining specal prior to a turn, not only 
very naturally assists the turn, but is also a wis(' })r(‘cau(i{)n as it 
])r(‘venls tin* possibility of stalling and s])inning, Sailplaiu's 
should not bt^ ba,nke<l at a high angk', since^ a gr(‘at(‘r angh^ of 
l)ank means a smaller vertical componcmt of lift from the*, 
wings, and consecpumtly a greater loss of height rc^sults. On 
the other hand, no bank, or too little, pnw^tMits the turn from 
being made and may develop into a. spin so that just suflicient 
aileron control, to equable tlie turn to be thfectcal, should b(' 
applied and no morci, 'Jlio effect of iiH'.reasing spei'.d before 
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a turn, and thus enabling the elevator to bo tisod for assisting, 
will be found most advantageous. Increasing speed during 
a turn causes the elevator to act against the turn and thus 
prolongs it. 


Soaring 

A straight flight without loss of altitude can be made in 
very little wind, say about lo m.p.h., but as soon it becomes 
essential to turn back along the hill-siile a considerable 
loss of height is inevitable, so that a higher wind velocity of 
12 or 15 m.p.h. is required. 

At about 12 m.p.h. wind speed soaring is not very easy, 
and it is with difficulty that the initial height of the launch is 
retained. A false movement or manceuvre may mean a descent 
to land, added to which local down-currents are often respon- 

sible lor disaster under these 



Fig. 15 (. 

Contour Soaring — Sailplane's 
Course in Light Wind. 


conditions. 

At higher velocities, ii]) lo 
about 30 or 35 m.jxh., soaring is 
much easier and safer, far greater 
heights can be gained, and the 
margin for mistakes is imu'h 
larger. 

The course followed in a light 
wind is indicated in h'ig. 154, and 
takes the foi'm of a natteiK‘d ligurc‘ 
'' 8.'' The sailplane speed relative 
to the ground is high. A course 
practically close to the lull is k(‘pt 
until the commcnceiuent ot a. turn, 
which is always made away from 
the hill, after which the hill-sidt^ is 
regained ready for the next turn. 

The high speed, continual 
turning, and poor vSoaring cpialilit‘S 
call for the utmost skill on the 
pilot's part and flight under these 
conditions is not very pleasant if 
the soaring area is small. 

As the wind increases in 
velocity the sailplane's speed 
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relative to the earth is lessened. To follow a course parallel 
to the hill-side the machine is pointed out towards the valley 
and moves along sideways in a crabwise manner, the course 
being as indicated in Fig. ^55. The return journey may be 
made by turning the nose of the machine though only a few 
degrees and may be accomplished by rudder movement only, 
the greater the wind the larger is the angle the sailplane makes 
to the hill-side, and the smaller is the angle of the turn. 

As soon as the wind speed becomes as great as that of the 
sailplane, the attitude of the machine relative to the hill face 
may be perpendicular, so that hovering is possible. 

Altitude is gained by moving backwards and forwards 
along the ridge, as explained above, taking advantage of all 
gusts and favourable air currents, until 


the maximum height, under the conditions 
prevailing, has been obtained. 

At a height of approximately 100 ft. 
above the hill the air is much steadier 
than it is closer to the ground, so that a 



much more constant speed can be main- 
tained and conditions are more jdcasant. 
The change ovrv to sellh^d ('onditions is 



V(‘ry notic(.‘able. 

If conditions are suitable and the 



height S(‘ems suffunmit, a, distance llight 
may h<' embarked upon and may be ex- 
t(‘nded by any of the methods explained 
in the chapter dealing with soaring and 
sailing flight. (C'haptcr XV f.) 

When the wind velocity is in the neigh- 
bourhood of 40 m.]).h. or higluu', the 
sailplane is liable to be l)lown backwards, 
making (wtrenie care necessary, and only 
pilots of considerabki experience should 
attiMupt to lly ill such winds. 



Speed of Flight 

The s]>eed at which least luaght is 
lost ])cr unit of time, is generally about 
j or 4 in.p.h. faster than the minimum, 
or stalling speed, which means that 


luir. 155.- ('c)n(t)ar 
C'<jurst^ in Slmiijjf Wiiul. 
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givat<‘s( hiaghl may he gaiiu^d in an up-cunvni when ilN’inr, a< 
this spei‘(l. 

f inuK'cliaU^ly alter laiinehing, and ilu‘ lirsl turn aloii/j; ihr 
ridden llu' sailplane should be lu'ld at tht‘ sp('ed for luininnim 
loss of lu'if^hf. W'ith most nuiehines this is about ui.p.li. 

As luaf^ld is gained llu’ spt‘t‘d may bi‘ iru'n^ased slightly if 
(li^sirc'd, so as to l(^a.V(' a larger margin above stalling spetnl, but 
if the maximum luaght is to be ()l)taimal for t'omim'ueing a 
distanee tlight, tlu‘ low('r spcaal should b(‘ maintained tlirougle 
out. Also in V(‘ry gnsly winds a, higlua' sp(‘(‘d shouhl be list'd, 
or stalling is liable to lake plae(‘, as th(‘ wind vehxaty drops 
after gusts. 

Aftm' leaving the soiiret' of lift, tlu‘ sailplant* shindd hr 
kt‘pt at th(' v('Ioeity ('orresponding with its bt'si gliding angle, 
usually about ;) m.p.h. abovt* th(* vehK'ity for minimum sinking 
spcH'd, or say J4 to 35 m.pdi., as this is th(‘ sjuMal at whitdi tin* 
maximum clistanee ean be tlown from a, givtai luught. 

This dot's not, howt'ver, allow for tin' s})eed of I lit' wind. 
'I'he sailplant* sju'c'd should be increast'd if Hying against a la-ad 
wind and dt'crea.sed slightly for a following wind, but ne\'er 
ht'low Iht^ spet'd for least lo.ss of height, 

'flu* reason for llu^ change in (lying spet'd ie allow for head 
winds is easily (*x])laiiu‘d. i^uppost* tiu* s])(*e(l for best gliding 
anglt* is 35 m,]).h. an<l a head wind of (*(jnal vtdocdty w(*ii‘ en 
(‘ounlert'd, the ground spt't'd of tlu* inat'hint* would i)e redueed 
to nil and a. slow vertical (k‘sa*ut would n'sull. Now if instead 
tin*, sailplant^ sptH'd wtnx* inen'ast'd at tin* (*x])ens{' of a eoaists 
gliding ungh*, deliniit^ lu'adway would bt* made, etpial to the 
difft'reuet* btdwet'U the vtHotdtit'S of tlu* air and nuudune. 

If the anglt* of glidt* for all v(‘loc'ities is known, tlu* optinnuu 
spt'ed for any partieular wind ean bt* found, ami a speed 
diagram for any one type of imu'biiu* tain bt* pinpart'-d. 

Landing 

TIk^ huitling may bt* madt? t‘itlu‘r on toj) of tlu* bill, at (lu* 
stalling point, or .sonu'whtrrt* on the lower ground if the pilot 
lias faii(‘(l to soar, or again ad: tlie end of a, distanet* flight (lu* 
landing will bt* madt* when and wluu'e (lu* llight ean be eon 
(inutul no long<‘r, dut^ to hude of suitable ui)u:urrt*nts or tlarkness. 

To efleet a landing at the starting pt>inl tlu* pilot has Itj 
eonttuid with the higher wind at the top of tluj hill, and has to 
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1()S(‘ in the ascending air flow. The best way to do this 

is to Oy wtdl behind the starting point, where it will be found 
that the wind speed is less, and then place the machine in 
a slightly diving attitude. The steepness of the dive will 
depend on circumstances, but should not be very great, or the 
air speed of the sailplane will be increased to such an extent 
that landing becomes almost impossible. On nearing the 
ground, if the speed is rather high the machine should be held 
level a few feet off the ground for some seconds, so as to throw 
off the excess of speed, when a normal landing can be made. 
An experienced pilot can run the nose of the sailplane along 
tlie ground with the tail still 2 or 3 ft. up, so that the friction of 
the ground helps to reduce any excessive speed. 

Instead of flying behind the starting point, and if the hill- 
top is clear for some little distance, the descent may be made 
by gliding across wind along the top of the ridge until 
siilliciently near the ground when a turn into wind and a landing 
can be made. 

Behind the crest of a hill there is often a down current, 
due to the curl over, or burbling, of the wind, which may 
assist the pilot in his descent. If the machine is over-shooting 
the desired landing point, owing to the high velocity wind, 
llu‘ j)il()t should commence to soar again, and make a, further 
att(‘iiipt to land at the desired spot. 

A landing at the ba.se of a hill is not so difficult, since the 
])ilot may pick out a suitable spot when still well up and 
approach in a series of '' S '' turns. As the wind velocity 
here is much less than at the top, and has little, if any, vertical 
component, it does not tend to prolong the (light. 

In the case of the finish of a long-distance (light, unle.ss 
(lying n(‘ar (piitc open country, the (light should not be 
c{)n(imu‘d until the last possible moment. 

As soon as the pilot feels that the flight is practically at 
an end, and sees that there is no chance of regaining height, 
he should make up his mind to land, and ehoo.st^ a held or 
other suilabk^ ground not too far ahead, and land in tlie usual 
way. 

Landings need not always be made into wind, although 
this is llu‘. safest and easiest method. Providing the wind 
S])e(Hl is not too high, down wind landings a.re (piite safe, and 
are often done. If tlic normal landing speed of a machine is 
;j() m.p.h., the ground speeds, against or with a 10 m.p.h. wind, 
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are eo and 40 in.p.h., n'SjHM'tivc'Iy, and al(lion|L;ii llu' diUVrtMirc 
is considerahh;, llic liigiK'si landini^’ specal is still low <'oinpan‘d 
with power craft, 'fhe exci^ssive s[)ced of a down wind huulin,^' 
is l)est reduced by [’•ently pushing the main skid against tlH‘ 
ground surface, so as to eausi' a, fairly rapid and snioolh 
n^i ardation. 

Side wind landings at any angle to the wind ar(‘ often scaan 
and can be successfully accomplished in an tanergeiu'y, provid- 
ing the wind speed is moderately low, hut olherwist' th(\v an‘ 
not to be recommended, as an undue stnass is thrown into (Ih‘ 
landing unit, ofttai resulting in structural damagea (Irouml 
which gently rises in the direction of landing greatly shortens 
the length of glide and nm, and should be ('hos(*n, when avail - 
able, for this rcavson. ('onversely, ground whi('h falls awa\’ 
increases the diHiculty of landing. 

A good incthod of losing height, for landing, is by nu'aiis 
of side-slipping, or a series of side-slips, first to th<‘ l<‘ft and 
then to the right. 'Fhc tail is moved allta'iiatc'ly from oiu‘ 
side to tlie other, together with “bank,” the' maeiniu^ Ixang 
held, by means of the ruddcT and elevator, in this position 
for a few seconds only before crossing ovt'r to opjiosite side- 
slip. It will be found that height can he' reeluea'd, without 
any excessive gain in feirward s[)ced, caa'ii in tlu' np-emrront 
at tlic hill-top. 

This method is much preferable to a conlinuons sidt* slip 
to one side, since sailplane fuselages do not cause' very grt'at 
resistance to the air when tlowii sidenva.ys-on, aj)art from whii'h 
the approach can be judge'd far more aexmraie'ly with a serirs 
of side-slips. 

A field of long grass, or corn in an ome'rgene'y, (‘uables a 
quick, safe landing to bo made. Height can \)c lost by g{‘ntly 
diving to within a fe-^w inches of the ground whe'ii the' nuuiiiiK* 
is held level, so that the friction e)f the grass, or corn, with tlu' 
fuselage quickly reduces any excessive speenl, and )>rings the 
sailplane to rest. 

If a pilot gets into difficulties, owing to disiurht'd airllovv 
or down currents, and a forced landing has to ht^ madt* at 
short notice, the pilot should face into wind at tlie lirst oppor- 
tunity. The lower speed over the ground ('iiabU^s hthitu' 
judgment to be exercised while inanceuvring for landing, 
apart from the obvious advantage of tlu' rt'cluri'd ground 
speed at which contact is made. 
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Mr/rnons of vSoARiNCr and vSatltng Flight 

Hill, or ('ontour. Soaring — C'onvcction Soaring — Cloud ITying — Storm 

Soaring— Gust Soaring, or Dynamic Might. 

SoAKiNd night is night in which height is maintained for 
a considerable jicriod witliout the aid of a motor or other 
mechanical moans. It can only he carried out in ascending 
air, in air moving with an upwards component, or in winds 
of Huctuating velocity. 

vSoaring, with the exception of dynamic soaring, is 
r(xilly gliding, and the machine (or bird) is actually descending 
the whole time, through the ascending air. When the rate 
of descent, or glide, is small, and tlic rate of ascent of the air 
is {'qual to, or exceeds, this (jiiantity, then soaring is possible. 

Sailing Ilight may be made either by soaring during the 
whole time or by alternately soaring and gliding, ft differs 
fniiii piin‘ soaring in that ('ontinno\is ]n'ogress is made away 
from the starting ])<>int. 

Since soaring, geiua'ally, is dtqienclent on an ascending 
current of air, it may Ix' accomplished with the aid of any 
atmos])heric or physical condition causing the air to rise. 

It lias been claimed that some birds are capable of soaring 
in still air, or air with a jnirely horizontal and constant velocity, 
but this has not bec*n ])rove(i. A horizontal wind moving over 
(lu‘(‘arth with a warm surface tends to rise slightly, so that the 
V(‘itical component is jiresent, and again the birds that are 
observ(‘(l to soar in apparently still air are always found in 
tropical countries, and here the air is wanned by radiation 
from tlu; c‘arths surface, causing expansion and ujwanl 
movement. 

The simls rays do not lieat the air through which they pass, 
but the heat is extracted l)y the earth's surface, which is 
partly transmitted to the earth, or rock, below the surface, and 
partly radiated into the almosplienL As the air cools after 

KJI 
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sunset, the stoi^nl up heat in the earth is slowly ^ivcii up again 
to the surrounding air. 

The vertical movement in the air is imperceptible to man, 
especially close to the ground, and this accounts for the soaring 
observed in appareully still air. This is borne out by the fact 
that soaring birds are always seen to de.scend shortly after 
sunset, and do not ri,sc again until tire air has warmed up 
again, on the following day. 

This effect is also noticeably felt in gliding with man-made 
machines, as soaring is always much easier after mid-day. 
There are at present five known methods of soaring, each of 
which is described below. Distance or duration flights may 
be carried out by any one method or any combination of 
methods. 

Hill, or Contour, Soaring 

The best and earliest known is hill soaring, which is simply 
explained by the upwardly deflected current of air over a hill, 
cliff, or similar obstacle. 

The resultant of the sailplane velocity with that of the air 
indicates the actual path of the sailplane. 

Fig. 161 illustrates this, and shows the difference between 
the path of the machine when flying into wind and down wind. 
In the former case the velocity of the machine, relative to 
the earth, is approximately the difference betwc'cn the gliding 
velocity, in still ah, and the wind speed, whereas in the latter 
it is the sum of the velocities. 

This brings out two points : Firstly, that the rate of climb 
appears greater into wind than down wind, although actually 
they are the same, and, secondly, that speed relative to the 
ground is much higher down wind than up wind, and any 
necessary manoeuvre, to miss an obstacle, for instance, has 
to be started much earlier, when flying down wind. 

When the wind speed equals and is opposite to that of tlu^ 
glider, the latter has no speed relative to the ground, and 
height gained or lost over any one period is the difference 
between the sinking speed of the machine and the upward 
component of the air flow. When these are equal, flying may 
continue without loss or gain of height, and when that of Ihe 
wind exceeds the sinking speed of the sailplane, then climbing 
is possible. 
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Convection Soaring 

J his method of soaring is the last to be employed by man, 
and lias only recently been successfully achieved, although all 
tropical birds soar in the convection currents. Nevertheless, 
convection has undoubtedly been a contributing factor to 
most e.xtensive soaring flights. Convection soaring would 



appeal to hold enormous possiliililies, and may liefore long 
become one of the most im])or(ant factors in motoiie.ss flight. 

In tmiMcal countries, th(‘ soaring birds make no at tempi 
to lly until the air has warmed up. 'J'bey then leave their 
roosts and commence llapiiing. When a certain height has 
been gained, the Ilajijiing .sto])s and the birds glide in circles, 
or spirals, gaining height very slowly at lirst, but, with increase 
of height, their soaring obviously becomes easier. 'J'reinendous 
heights are attained, and the return to earth is not made until 
the evening. 
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The difficulty with sailplanes has been in the gaining nf 
sufficient initial height over areas where upward convection 
currents are formed. This has been overcome by towing the 
sailplanes by means of power aeroplanes and releasing at a 
height of 1,000 to 1,500 ft., although it is anticipated that some 
more simple means will be found for gaining height initially. 

The formation of convection currents is explained by the 
heating of the earth's surface, by the sun, which in turn 
warms the surrounding air, thus causing expansion. 

If expansion cannot take place sideways, then it must do 
so in a vertical direction. As the lower air expands, the layer 



Fig. 15S. 

Convection Currents, 


above is forced upwards, and if this second 
layer is also wanned, by radiation from the 
earth, it will also expand, so that the up- 
ward velocity becomes greater with height. 

If the air is imagined to be divided into 
vertical columns or tubes, and each tul)e is 
sub-divided into small volumes of air, as 
shown in Fig. 158, then it will be seen that 
as each small unit expands there is an 
accompanying upward movement with a 
velocity that increases with height. 

Suppose the conditions before heating 
are as shown in Column A, and, after 


Explanatory Diagram, heating, in Column B. It will be noti('(‘d 


that the unit denoted by 2 has risen only 
to 2', whereas unit 12 has moved up to 12', such that tlu' 
difference between 12 and 12' is several times larger than the 
distance 2 to 2'. 


Actually there is some modification necessary, as the 
radiated heat decreases with altitude, so that there must be 
a height at which the rate of increase in velocity becomes nil 
and above which it tends to fall off again. 

There must be a time, or probably more than one, when the 
earth^s surface heat is at a maximum, after which it will 
remain at this temperature for some period, or may commence' 
to decrease again. 

If the temperature remains reasonably constant, the air 
may retain its expanded condition, and further upward move- 
ment will be checked, but if there is an area in which the sun's 
heat is absorbed, such as water or meadow-land, then cool air 
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will Ilow' ill U) ilie licaU^d area, and will thus enable the vertical 
How to be maintained. (Sec Fig. 159.) 

This is, of course, the explanation of the sea breezes, 
experienced along coast lines during warm days, as the air 
(lowing from the colder to the warmer regions causes a, 
luirizontal Ilow. The cycle is completed by the expanded air 
flowing outwards, above the cool regions, contracting and 
descending again. 

Conditions such as these are ideal for convection soaring. 

Lanchestcr ^ wrote in 1908 : Suppose the column of 

h(‘aled air is but ('. hotter than the surrounding air, then 



I V)- Sun’s Atiioii on luul Wlili'r, 

sin C'loiul iMirnia.l ion. 


iis density wall be a])proximatcly i/jooth part less than 
normal, and if the height of the heated column be joo ft., tlu' 
dirferenci^ of pri'ssiire by which it is propelled wall \)c ecpiivalent 
lo a ‘ lu'ad ' of i ft, ; this, by the jninciple of Torricelli, corn'- 
sponds to a velocity of <8 ft./scc.’' 

As tlu‘ sinking speed of most sailplanes is in the neighhoni'' 
hood of a. 5 ft. /sec., it is easily .seen tliai the ])ossibilit ies of 
('nnviHdion (lying are enormous. Die probable How of air 
diu' to couvc‘Clion currents over a. stretch of land of various 
])hysical ('ouditions is shown in Fig. i()o. (‘onvcction (lights 
of long duration can be carried out during w^arm days by 
ki^epiiig over the land wliere up~currents would be anticipated 
and Hying round regions of down -currents. 

» Annxlonoi.ic.s/’ Dr. K W. LannliesLer, ]). 257. 



SAILPLANE PTT.0TA(;K 


196 


Squadron-Leader (L M. Dyoit, writing in " At'ro-* 
plane ^ on his experiences whilst Hying in Peru, slated Hint 
'‘The conditions of the atmosphere could be judged v(Ty 
accurately by the careful observation of the llight of lurk(‘y 
buzzards . . . (which) can only maintain llight in calm, still 
air with considerable effort, and they depend on horizontal 
or vertical air currents to keep aloft for any time. About 
eight or nine o'clock in the morning they all leave tlitnr iwsting 
places and beat the air, sometimes giving it up imnuHliately 
and losing so much altitude that they would \k) imabk‘ to 
regain their perch, and would have to take refng(‘ on a lowin' 
ledge or some dried-up tree in the valley. As soon as I'ondi- 
tions for soaring flight prevailed, they wimld all be circling 
and circling until lost in the blue. Invariably they si'cmed 
to prefer the sides of the valleys . . . (and) closi‘ observation 
showed that the air in the centre of the valley was almost 
always descending. Many times I noticed them glide from 
one side to the other, and invariably tliis maiaeuvre was 
accompanied by a big loss in altitude. 

“ Towards half-past four all the heat eddii'S had stoppial, 
and down would come the turkey buzzards to n‘st for tin' 
night. Frequently, if their return was post|:)on('d till a lati' 
hour, their landing on tree-tops was very strenuous, as, unablt* 
to support themselves in the falling air, they would fall like 
a lump of lead on an extending branch, and tlu'rc' remain till 
the morning." 

This brings out several interesting ]K)inls. Tin' hours 
between which soaring is possible are from niiu‘ a.m. till 
live p.m., or roughly eight hours; the rising curnmis aii' to 
be found by the hill-side, causing cooler air to descHMid over th(‘ 
centre of the valleys, but with a reversal of (low at th{‘ v.ud of 
the day (this is a well-known meteoi'ological pluiiommion) ; 
and, judging by the weight of the birds, whic'h th(‘y, tluan- 
selves, are barely able to support in flap])ing (light, and the 
great heights attained, the conditions must bc^ e,x('(9)tionally 
suitable for soaring flight. The possibility of (exploiting the 
atmospheric energy, in such parts of the world, for conmu'n'ial 
purposes, seems only reasonable. 

'"The Possibilities of Air Navigation in IVni," “ 'I'lie Acn-onlanc," 
June iS, 1919. * 
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Cloud Flying 

The presence of vertically moving air streams in and lU'ar 
clouds has been known for many years, but it is only during 
the past few years that they have been exploited for motoiiess 
flight. 

Cloud soaring is very closely related to convection Hying, 
as clouds often owe their formation to the effect of convection 
currents. 

It is noticed that clouds often form along the coast, and, 
in some cases, accurately reproduce the shape o[ the coast 
line. They may also be seen forming over ranges of lulls 
and over towns. 

In all cases the formation is caused by rising currents, but 
whereas in some cases the air is clellecL(xl upwards by tlu' 
presence of hills or cliffs, in other cases convection sirc'auis are 
responsible. 

The actual formation is due to the condensation of the 
moisture present in the air on reaching higher and relatively 
colder regions. 

Fig. 159, on page 195, shows diagrammatically tlie formation 
of a cumulus cloud due to convection. 

The same effect would be obtained by a. wind, blowing in 
from the sea, being deflected upwards by the hills or dills 
near the water's edge. 

Fig. 161 is a composite representation of tlu^ ])r()l;al)l(‘ 
formation of clouds due to convection and wind. 'I'lu' air 
flow or wind is seldom purely horizontal, ])ut has v(‘rti('al 
components due to obstacles on the ground and, of coursta 
the convection flow. If the horizontal wind velocity wi'n* 
known and the velocity of the convection currents at seveiad 
points, the resultants could be plotted to give a. map of i\ui air 
flow over that area. 

At point F, in Fig. 161, if the horizoulal vthxaty is eo ft./ 
sec., and there is present a vertical up-stream of 10 ft./sec., 
then the path of the air is as shown. 

A wind blowing in a horizontal direction tends to dchlect 
the convection currents in the direction of the wind. 

The air flow must have a switch-back motion as sliowu in 
the figure, and it is very probable that this cau.ses tlie actual 
formation of the clouds and might account for swirling, al.)oul 
horizontal axes, that is known to exist in clouds. 





[TofacAi page. 198 , 
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At A is shown a cloud formed, B 
and E are clouds forming, while I) is 
the nucleus of a cloud that commenced 
forming at C and will be added to at E. 

The cloud tends to decrease while 
jiassing over down-current areas and, 
over large stretches devoid of sub- 
slantial up-currents, they may dis- 
perse altogether. 

blond ilying was initiated in 1928 
by Nehring and Kronfcld, who flew 
beneath large cumulus clouds, the 
conditions having been previously pre- 
dicted and tested out by aeroplanes 
carrying barograjflis, which were flown 
under tiie clouds with the engines 
shut off. 

1'hese flights were followed up 
during the next year by Kronfcld and 
GroenholT, with excursions through 
and above the clouds which enabled 
distances of 150 kilometres and 34 
kilometres to be covered, the latter 
being by Grocnholf in a two-seater 
machine with a passenger. Both 
flights were world records.^ 

Violent currents, both up and 
down, are present in the clouds them- 
selves, although the main velocity is 
in an upward direction. These dis- 
turbed conditions are due partly to 
tlie swirling present during the for- 
mation of the cloud, and in part to 
tlie liberation of latent heat due to 
condensation. 

The liberation of the heat causes a 
continuation of the ascending current, 
which probably explains why soaring 
is possible above the clouds. 

See " Toai Years Gliding and Soaring in 
Ciennany/’ Georgii, 13.G.A. Journal, No. i, 
i\T:ir('b, 1930. 



Fig. 163. — Kronfeld’s gs-mile Flight from Rlioen to Rehau. 1930. 
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Storm Soaring 

Storm flying is done by soaring in the up-currentvS pre- 
ceding a storm or storm cloud. It bears, however, little relation 
to ordinary cloud soaring. 

I )uring a warm day when the air is still, a wedge of cold air is 
lorced along, which drives the warm air before it (see F'ig. ibb). 
Up-cin*rents of considerable velocity are thus formed in front 
of the storm, and it is in this region that sailing flights arc 



inadr, (he sailplane keeping the whole time some distance 
ah(‘a(l of the sit)rm. 

Soiiu* ot the longt'st (lights have l)eeu aecuiuplished by this 
method. 

Diere are also violent up-cuiTents within the storm cloud 
as well as down-currents of similar intensity. The intensity 
of the u|>curn‘nts is gauged by the size of liailstoncs which 
must have been sup])orled before falling to earth. 

It is doubtful whether any sailplane could survive a (light 
within a bad storm, and for this reason it is usual for pilots to 
W(‘ar ])arachutes during storm flights. 

Gust Soaring or Dynamic Flight 

Idight by this method has been believed possible for 
many years and attempts at its accomplishment have been 
made, but full success has not so far been achieved. 

The soaring flight of albatrosses, by which they seem to be 
able to fly for several days continuously, without any wing 
movement, has also always puzzled observers, and it seems 
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very probable that the solution of this may provide the answer 
to both problems. 

As long ago as 1883, Rayleigh ^ laid down the following 
conditions for bird flight to take place without Happing of the 
wings : Either 

(1) the course (of the bird) is not horizontal (gliding), or 

(2) the wind is not horizontal (static soaring), or 

(3) the wind is not uniform (dynamic soaring). 

The term ''dynamic soaring” was first used by Lun- 
Chester^ in 1908, to differentiate between flight in which the 
velocity of the horizontal wind is vaiiable, and soaring in an 
up wind of fairly constant velocity, which he termed " static ” 
soaring. 

Professor Georgii ^ has stated: "When the liorizonial 
wind is variable, the pilot gains height as the \'elocity increasi's 
and loses height as the velocity decreases. As the air forces 
are proportional to the square of the air sjxxxl, it is possible' 
in principle to obtain a net gain.” 

Again, in a lecture before the Royal Aeronautical S(X'.i(dy/^ 
Herr Lippisch gave the following exjfianation of dynaniic' 
soaring flight : 

" The bird which flies forward with the help of wing ht‘a(s 
receives the necessary forward thrust through the considi'rahh' 
up and down movements of its wings. "Jlic horizontal motion 
implies, then, that the up and down moving jxirts of tlu' wings 
follow a path of wave form relative to tlie air. Wlnm the 
forces are calculated and integrated over a. ]:)(‘riod of oiu^ ('oni- 
plete oscillation, there is a definite forward thrust and lift. 

"Let us now assume the air to be in such a motion of 
oscillation due to friction with the earth's surface or to variously 
moving air masses. By flying through this air in an aircraft 
with stationary wings the above-mentioned vibration (‘ffeu't 
would occur. As both forward thrust and lift result, it must 
be clearly possible to soar in such layers without the help of 
actual up-wind.” 

^ " Aerodonetics," Dr. F. W. Lanchester. 

" Ten Years Gliding and Soaring in Germany," ,i,)r. VV. H.G.A. 

Journal, No. i, March, 1930. 

3 " The Development, Design and Construction of Gliders juid Sailplanes/' 
Herr A. Lippisch, R.Ae.S. Journal, July, 1931. 
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Now there are two possi- 
ble ways of obtaining the 
conditions necessary for such 
night. The first is to fly in 
a wind with a constant 
period of gustiness, or wave 
motion, so that the wing 
beat effect is obtained on 
the lixed wings, while the 
second is to reproduce the 
iluctiiating wind effect by 
(lying backwards and for- 
wards from a wind of a 
higher velocity to one of a 
lower velocity.^ 

It is well known that the 
s])eed of the wind is lower 
near the ground, on account 
of friction, than it is at a 
higher altitude, so that by 
continuously diving and 
{'limbing the conditions re- 
(jiiired would be closely 
siimiliited. 

As tlie albatross (lies 
across wat(‘r, the nndhod iirst 
mentioned appt^ars to offer 
th(‘ obvious solution, since 
the wind over the waives 
must have a certain wave 
motion, but as these birds at 
times (ly below the to]'>s of 
tiu' s('a waves, or below the 
region where such air waves 
would b(' effective, the second 
explanation may provide the 
true solution, or it is even 
possible that both methods 
are employed. 

‘ A (ha>ry parlly dm* (o Sir 
(UIIktI, Walla'r, 1 '. U.A., U'. k.A.S., 
M.A. " Sailplune,” J)ccc‘!nl)c'r 

17, and January 2, 



Fig. 167. — Thunderstorm Flight by Hurtigg, August, 1930, over a distance of 32 miles, 
during which a height of 3,500 feet was attained. 
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As an explanation of dynamic soaring, Lanchcster ^ puls 
forward the switch-back '' model theory, in which a ball is 
set rolling on an undulating track, to which is applied a gentle 
reciprocating movement in the horizontal direction, so tluit 
the track moves with '' the ball during descent and against 
the ball during ascent. 

It is easily seen that a forward thrust is added during 
each rise and fall, since the reaction, N, between the track 

and ball, acts perpendicularly to 
the track face (see Fig. i68), giving 
a component in the direction of 
travel, the path of the ball being 
inclined at an angle to the track 
face on account of the horizontal 
movement added. 

The thrust thus supplied may 
be made sufficient to overcome the 
small frictional and air resistanct^ 
and, if the reciprocating motion is 
Fig. iCjS. increased in intensity, the ball 

may be made to climb above its 
starting point, provided the track is so designed to allow this. 

The next stage consists of superimposing a uniform move- 
ment to the track so that it now moves in one direction only, 
but with varying velocity. As before, the ball will continue 
to move along the track. 

Now let us replace the track by the air, with a bird or 
glider, in place of the ball, and follow through the siuiie 
reasoning. 

Consider first the bird flying through a fluctuating wind 
which blows first against him, decreases to nil ancl tluMi 
reverses so as to blow with the bird. This is shown diagram- 
mat ically in Fig. 169. 

As the wind increases from A to B, the bird climbs, analo- 
gous to the ball on the incline, the wing incidence reaching 
a value equivalent to minimum sinking speed at B, while the* 
speed decreases. At B the gust starts to decrease and a divt‘. 
is commenced, reaching a maximum velocity as the wind 
decreases to nil at C. 

At this point the bird commences to ''flatten out,"' the 

' " Acruduuciic.s/’ J.)r. U. W. l^anclicHU'r, para. 153. 
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process being completed at 1), and a following wincl has blown 
up. At D the bird has his maximum speed and is Hying at 
lus best gliding angle, and tlie wind starts to die down 
again. 

The following wind decreasing in intensity is e([uivak'nt to 
a head wind increasing and the bird climbs once more irom I) 
to E, sacriftcing speed for height. 

At E the head wind re~commences, allowing tlu^ climb to 
l)e continued with a repetition of the process as at A. 

I Head Wind I Following Wind I J/ead Wind I 





I'k;. iCo. - f <iry Dlai^tain of Dyiiatnic So.iriii”. 

Diere is, therefore, an increase in hciglil or j)oicn(iai 
energy, as the liead wind increases with an in('i’(‘as(‘ in monK'n- 
inm, or kinetic eiuagy, as the head wind falls off. 

Now retaining llu‘Se ('onditions as bi'forta and snjx'rimposing 
a wind in oik' direction, so that ins((‘ad of ('hanging diiau'tion 
th(‘ wind nu‘n‘]y (liH'tuates betweam ma.xiinnm and nuniinnm 
valii(‘S, the (‘flei't nanains nn('liang(‘d. 

W'ludlu'r till' bird Hies “ with ” or “ against " tin* wind 
niakt‘s no diffenaicc^ to tlu* ])robli‘m, (‘xcu'pt that wlien Hying 
“ with " th(‘ wind lie divt's as the wind spe(‘(l iiu'naisc's, wlna’eas 
" against ” the wind llu‘ dive takes ])la,c(‘ as (Ik* wind dts'riaist'S. 

I\U)W consider the possible a])])lication of this llnairy to 
the night of an alb(Ur(jss. 'Jlie wind Sjieed is slow(‘d (lown 
near tlu^ water surfa('e owing to fri(dion, and by continually 
diving and {'.limbing a liird would b(‘ able to reprodiu'e (‘xae.tly 
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the coiidilions described. A high wind is essential for soaring 
flight by the albatross. 

The best height, or stratum, for flight would be that at which 
the change in wind velocity is most pronounced, and this is 
likely to be near the surface. 

The gliding angle of an albatross is known to 1)0 very line 
indeed, and its speed is very great (in the ncighboiiihood of 
50 m.p.h,), which means that the rising and falling would not 
be very marked to an observer. 

The two theoi'ies put forward in explanation of dyuaniic 
soaring are very closely related. In the first the wing beats arc 
reproduced by wave motion of the air, so that the wing j)asscs 
through alternating regions of up and down moving air, while 
in the second the air is assumed to be moving backwards and 
forwards (or equivalent conditions are obtained). 

In the former the wing remains perfectly slat ionary, 
relative to the earth, apart from its uniform forward vt'locity, 
but the effective angle of attack varies continuously, wliilsl in 
the latter the angle of the wing is varied to suit the changing 
velocity of the wind. 
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Akro-Towing and Auto-Towtng 

Aeroplane and Apparatus — The Cable — The Towed Sailplane — 
Taking Oil anti Climbing — Aerodynamic Forces Set Up in Towed 
Idight — Worked Fxamplcs — ElTcct of Speed — An to -Towing. 

Sailplane Towing by Aeroplane 

I'gwing sailplanes l)y aeroplane, or aero-towing, is used 
chielly for enabling the sailplane pilot to reach an initial 
height quickly and easily, so that he is able to continue soaring 
in convection currents or with the clouds, or to make contact 
with a storm in order to make a storm flight. Also the start 
nvAy be made from Hat ground where no hills are available. 

Aero-towing also supplies a quick means of transporting 
sailplanes from place to place. 

J'herc is little danger attached to towing by this method, 
])r()vi(led that both pilots are skilled and all reasonable ]n*e- 
('aiitioiis are taken, l)ut, in the hands of an incapable aeroplaiu' 
pilot, or a gii(l(‘r pilot who docs not realise the loads that ('ould 
I)e im])()S(.'(l on both machines, the chances of disaster are very 
high. 

Towing Aeroplane and Apparatus 

'.riuj aca'oplane to he used for towing should primarily Ix' 
('apable of Hying at a. low speed. It should be steady in 
night and not too powerful. As a Sliced of about 45 to 50 
m.p.h. is (a)nsi(k‘red high enough for most present-tlay sail- 
planes, Wn) aeroplane should be iible to Hy C()mf{)rta.bly at 
this sp('(‘(l with the t‘xtra drag of the sailplane. 

As tlu‘ Hight is likely to be made not greatly in excess of 
stalling spt‘ed llie lifting of slotted wings is a wise precaution. 

'.riie. towing aeroplant^ should have a cert Hi cate of air- 
worthiucss, specially endorsed for lowing. 

Tlie general form of towing apparatus for fixing to the 
aero])lane consists of a long rod or tube attached witli a univer- 

io; 



2o8 


SATLPLANK r^IT.OTAGE 


sal joint to the top of a fuselage bulkhead or to ihe centre 
section structure, as close to the C.G. position as can be 
arranged. Suitable strengthening is necessary at this p{)int to 
ensure that the loads are properly distributed to main members 
capable of carrying them. 

At the rear of the fuselage a guard is built up to keep the 
tovang cable clear of the tail unit, so that fouling is impossible. 
This consists essentially of a horizontal cross meml)er, on 
which the towing rod rests, supported on vertical members 
which attach to the sides of the fuselage. At both ends of 
the horizontal member are curved uprights, to limit the sid('- 
ways travel of the towing rod. 

The towing cable is attached to the towing rod a short 
distance behind the tail protection frame, there being a quick 
release incorporated, actuated from the ])il()t’s cockpit, so 
that the glider can be slipped, in the event of an emergency, 
and also so that the cable may be dropped btd'ore landing. 

A simple alternative, to the guard described, is to attach 
a stout ring to the top of the fin-post, through which the towing 
cable is passed. Care should be taken to ensure that the stern- 
post is capable of standing the loads to which it w'ill ix' 
subjected. 

The Cable 

The cable should be of the extra flexible typ(‘, with a bn^ak- 
ing load approximately equal to the all-up wcuglit of llu' 
glider, or, better still, should include a weak link of this sf rtMigth. 
This link should be inserted between the glider and the eal>l(\ 
(The reason for the weak link is explained later.) 

The length of cable depends on the weather conditions, 
but should not be less than 300 ft. During gusty or “ bumpy 
conditions a length of 500 or 600 ft. should l)e used, as with 
the greater length unsteady movements of one machiiu^ ar(‘ 
not so readily transmitted to the other. The shorter cabh' 
enables a quicker climb to be made, under calm condiiioos. 

Air Ministry regulations state that the cable should l)(‘ 
dropped only at licensed aerodromes, from a height not exceed- 
ing 300 ft., and that permission should first l)e obtained. 

The Towed Sailplane 

A sailplane in towed flight is subjected to different loadings 
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from those obtaining in normal gliding and soaring ilight. 
h'or instance, the speed may be far higher, the climb steeper, 
and the weight supported may be considerably greater, as the 
sailplane can be made to carry a portion of the weight of the 
towing machine. There may also be a drag force of some magni- 
tude to be considered. 

Unless a sailplane has been specially designed for towed 
work, the strength should be checked before any such flights 
are made. 

If the main planes, forward of the main spar, are covered 
with plywood, this will materially help as regards the drag 
loads, ])roviding the plywood joints are well made, but some 
form of exterior bracing may be necessary. Without this 
covt'i'i ng a. careful check of the drag bracing system should 
l){‘ made. 

In high speed (light, C.tfB., tlie ply nose is subjected (o 
torsion loads as well as the drag forces. 

Sailplanes used for towing purposes are generally sup])lied 
with some form of wheel landing gear to reduce the friction 
during the start, and so expedite the take-off. A quick 
release, of simple and foolproof pattern, and operable by the 
])ilot, should be htted at the cable attachment. The attachment 
is generally either at the iiose, or further back, underneath 
the fu.S(!lage, to come closer to the ('.G. jxxsition. 

Taking-ofF and Climbing 

'J'he start should be made directly into wind on a large' 
Hat aerodrome, the sailplane being placed close up to the 
boundary, in order to ensure as long a rim as possible. 'J'lu' 
cable is stretched between the aeroplane and the sailplaiu' 
Ix'fore th(' start. 

As tlu' acceleration is .somewhat slow, it is advisable to 
post assistants at each wing-tip to run forward with tlu‘ sail- 
j)lani' until suflicit'iit speed is ri'aclu'd lor tlui lateral control 
to be('0!iu' effec'tivc'. 

On a, signal from tlui saili)lane [)il(M, to the effect that all 
is ready, tlie aeioplane pilot o[)ens his throttle gradually, to 
imsure even ai'.ceh'ration, and botli macliines move off across 
tlu^ aerotlrome. 

As the speetl reaches the minimum for the glider, at its 
angk‘ of take-off, say, 2H m.p.h., the glider leaves the guound 
aiul climbs slowly until it takes up a po.sition in which llu‘ 
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cable makes an angle of 15'' or 20"^ with the horizontal. Actually 
the glider leaves the ground after a very short run, owing to 
the slipstream from the aeroplane propeller. 

The aeroplane speed continues to increase, till it reaches 
the minimum for take-off, say, 40 m.p.h., when it also leaves 
the ground and climbs very slowly. The take-off speed of 
the aeroplane is slightly higher when towing than when frec\ 
owing to the increased resistance. 

On attaining a speed of a few miles per hour in excess of 
stalling, perhaps 45 m.p.h., the throttle is eased off slightly, so 
as to retain a constant speed of this amount. 

A steady climb is thus made with the sailpkine a little higher 
than the aeroplane throughout, so as to avoid the slipstream. 

No turn should be made unless the radius is veiy large, and 
any jerky movement on the part of the sailplane might caus(' 
the towing machine to stall. 

If the atmospheric conditions are not calm, both machines 
will tend to rise and fall, with consequent jerking of the con- 
necting cable. This will be noticed least when the cable is Jong. 

The glider pilot should take care to remain above the 
aeroplane slipstream, or severe buffeting may be experienced, 
when within the slipstream region, and if the glider falls below^ 
the aeroplane, it is difficult to regain height. It should lx* 
remembered that the slipstream is being driven backwards, 
so that the air speed of the sailplane when in this region will 
be that of the aeroplane plus the slipstream velocity. 'J'lx* 
change in velocity when entering or leaving the slipstream has 
a noticeable effect, added to which the helical motion of llu* 
air has to be contended with. 

The pilot of the sailplane should concentrate on keeping 
the cable just taut and not allow it to droop. If the cable 
should tend to sag the slack should be taken up by a gentle 
turn to one side, after which the correct position can be care- 
fully regained. From this it follows that any excess height 
of the sailplane over the towing machine should not l)e losL 
by diving but by working from side to side in order to increas(' 
the length of path flown by the glider. 

Aerodynamic Forces Set up in Towed Flight 

The forces set up in steady flight, both on the sailplane 
and on the towing aeroplane, depend on the speed of flight, 
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ih(^ position of the glider relative to the towing machine, the 
cable attachment position on the glider relative to its C.G., 
and other factors. 

In any one position of the sailplane relative to the aero- 
plane there may be two possible attitudes for the sailplane, 
one at a small angle of attack, and the other at a coarse angle, 
but either the engine power or the velocity would have to 
be varied. It should be noted that any change of attitude or 
position of the sailplane has an immediate effect on the aero- 
plane, both lift and drag being altered with a corresponding 
alteration in the aeroplane's speed. 

If the sailplane is above the aeroplane, then it must support 
some part of the latter’s weight, but, if below, this condition is 
reversed. It may be noted that it might be possible to obtain 
a, nwersal of loading on the sailplane main planes, if the sail- 
plane were below the aeroplane and had the elevators hard 
down, so as to cause an upward load on the tail. This condi- 
tion is liardly likely to take place. 

'J'here are two cases to be considered, neglecting the case 
in which the glider is below the aeroplane, already mentioned. 

('ase r. Glider Directly Behind Aeroplane. — ^This is equiva- 
lent to night with power, in which the pull in the cable, P, is 
equal to the drag of the glider : and the air reaction on the 
wings, R s,/ W- -hP'*^* 

Vov moderate speeds P will be quite small, 
d'heia^ may be a small turning moment tending to make the 
machine climb or dive, if the cable is attached below or above 
the C.G. of the glider, but this would be compensated by means 
of the elevator. 

'J'his case is not serious, and is not likely to approach the 
pull in an elastic cable during the normal hand launch, for 
which all sailplanes are designed. 

Case 2. Glider Above Aero plane. the main forces 
all act through the C.G., by reference to Fig. 17b 

\ismO = V cos p (^) 

and R cos d— P sin (/)+W . . • • * (2) 

If, however, the line, through which the cable pull acts, does 
not pass through the C.G. position, there must be a compensat- 
ing load on the tail, Px* (See lug. 177 on page 214.) There 
may also be a. cou])l(^ due to the main plane resultant not 
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passing through the C.G., depending on the CM', po.silioii, and 
this may assist the tail load in overcoming the cable pull 
moment, or it may act against the tail load. 

Under these conditions the formula (2) given above bc(',omes 

R cos 0= P sw 9 !>H- W+Pt ..... (3) 

It should be noted that the tail load may not be vertical, 
but inclined forwards to some e.xtent, in which ca.se P|- cos <■ 
should be inserted for Px, and’ P t .sm <■ .should be added to R 
sin 6 in (i). 

There is a third equation for equilibrium — 

P ij+R Px <^3 • ...... (.|.) 

where d-^, and d,^ are the perpendicular dislaiices rroni (he 
C.G. to the line of action of the v.arious forces. 



The worst cases of loading are likely to take ])lac(' when Ihe 
sailplane attains its maximum height above llu' aero|)hme, 
and in order to determine the maximum cabh; slrenglh lo 
prevent over-loading of the sailplane, some exam|)les will be 
given in which average values are assumed for what would 
be known quantities for any one particular design. 

Assumptions: Sailplane weight, W=5oo lbs., wing area. 
200 sq. ft., weight =200 lbs., factor of loading for main 
planes=6, tail area=20 sq. ft., tail plane E.P. to ('.(1. 12 ft. 

Other assumptions will be made as necessary, and speed will 
be taken as uniform at 45 m.p.h. =66 ft./.scc. 

To simplify the calculation, B will be a.ssume(l to etpial u, 
the angle of attack. This is nearly correct. 

Also calculations will be based on the stipulation tlnit tins 
wing strength shall retain a factor of safety of at hsist 2 at all 
times. 
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Iixainple i. Angle of Attack Maximum, Cable Allachmoit 
at C.G.— Asmime 

From (r) R sin cos 0. 

Now, for safety, R should not exceed half the designed wing 

load, or K^doox <■' + ”>» = 1,000 lbs. 

2 

The added 200 lbs. is the wing weight. It should be pointed 
out that the wing reaction must be 200 lbs. to support the 
weight of the wing structure, to which must be added tli(‘ 
designed load of 300 lbs., with a factor 6. 
i'hen .275r)X rooor.:: cos 0 

and V cos 0 - ■275.() i))s. 

'I'his is the total drag of tlie glider undc'r llu\st‘ ('ondilions, 
and thrust horse-power of the axs'oplaiu', absorbed in over- 

coming this drag, will be ^ > h.n. 

55 t> 55 <> 

iM'Om (2) .{jhl -JX 1000 : :: 500 |- P slll 0 
or P sin 0 .[()! . ? lbs. 

TIk'sc* I wo ('(jiial ions gi\a‘ /u;/ 0 ^ i A)y 

and 0, (he angle of cahh*, 5()", say. 

I'heii P, (he pull in ('al)h\ 5-15 lbs. 

• 5 P'5 

rh(‘ (‘abl(‘ stnaigdi should no! ('xi'ei'd (his, or should iiK'Iudi^ 
a, weak link (o fail at (his load. 

(■Iicck.~ -A[ tlu' drag is 275. (> lbs. V -(>() f(./see. 

aa I' 275.!) 

1 lu*n I\i)~- , o. I 52 

. 002.4 X 200 X (()()) “ 

'I'liis appixirs aboul rigid for High! a( maximiiiii incideiu'e. 
Tlu‘ wing drag will b(‘ ap])roxiina(ely .oo2.|.:< .07X200X (()(>)'’ 
i.j() lbs., and (he wing s(ru(dun‘ sliould lx* ca|)al)l(‘ of (aking 
(his. 

C.\((mf)lc 2. ('(iiulilions as before, but ('able Albielunenl at 


In.sc*rling llu‘ values in (lu‘ (H[ua(ion giviai 
275 A) V cos 0 . 

()()i . } - P sin 0 b 500 I P'l' 

andPAj RA, Aful, . 
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Now, at maximum incidence, the ceiiLre of pressure is 
forward, and tZg will be nil, or very little, so that this teim can 

be neglected. At other angle's ol 
attack, would be oblaiiKuI from 
the wing section, together with a. 
general arrangement drawing oi 
the sailplane, and ju'eseaits no 
difficulty. 

The height above, tlu' ac'ro- 
plane to which thv, sjiilplane can 
climb will be detenninea by (lu^ 
tail force available at th<‘ par- 
ticular speed, as the tail moment has to overcome the diving 
moment caused by the cable pull at the nose. 

The tail force will be Px~ .0024X20X -S X (f)t))“, 

= 104 lbs., 

assuming a value of Kl==o. 5 for the tail plane and (‘leva lor, 
and therefore 104x12 = P from (4). 

From (3) 961.3 = ? sin 0 -h 500 -\~ 104 
or P sin ^j = 357.3 


Dividing by (i) tan (j) 


: 357 x 3 ^j 294 and </> - 
275.6 ' 


and P= -^-™ = 452 lbs., and from (4) : 

.7916 452 


The sailplane, at the angle of attack, should drawn onl, 
together with the cable at the angle found, and iluj distancH', 
ip checked. 

If di as measured is found to be greater than tlu' ('ahmlated 
value, then the tail plane is not sufficiently pow(‘rfnl lo (‘liable 
the machine to reach such a height. 

The value of 2.77 ft. obtained seems quite ivasonabic'. 

The cable strengths necessary for the two (rxani[)Ies con- 
sidered were 545 and 452 lbs., from which it would apjK'ar iliat 
a fair criterion for the cable strength would l)e that it should 
not exceed the loaded weight of the glider, as staitxl on pagci 
208. This is, of course, only general, and would not apiily 
in all cases. 


On the other hand, too weak a cable miglit rc'sult in a 
breakage during the take-off, with serious results. I'lu^ 
minimum strength necessary depends largely on the friclional 
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resistance between the glider and the ground and the accelera- 
tion at the start. 

A cable strength of less than half the total glider weight, or, 
say, 250 lbs., is not recommended. 

It may be interesting to compare the cable loads already 
calculated with the load during normal flight with the glider 
only just above the aeroplane. 

Example 3. Conditions as before, bid with a 300 ft. cable. 
Sailplane height above aeroplane about 75 ft., making an angle 

15° approximately with the horizontal. 

The line of cable pull will pass through, or very close to, the 
('.(b, and its moment may be neglected. 

R si}i 0 ™ P cos </> ™ , 9659 P. 

Now R is dependent on 0, and values arc required which 
will close the polygon of forces. 

The weight, W = 500 lbs., is set off vertically in a force 
diiigram, and the direction of the cable 
imil at 15° above the horizontal. (See 
I'ig. i74y 

Values of R. .0024 X 200 X (()())- X Kr 
arc; calculated for several values of a, 
keeping the velocity constant at ()b 
ft./s(‘C., and the curve is then plotted on 
(lie (liagrain l)y setting out the values of 
Iv for the angles calculated. The inter- 
section of this curve with the cable line 
gives the required value, in this case— 3 ‘h 
for an angle, 30' and Kr for the wing 
section used, -m). 245, giving R:^5i2 lbs. 

Hence ,()()59 P-- 512 x . 1305, and 
P^--:()().25 lbs. 

It should be noted that the values of 
Rk n should be for the aerofoil section at the aspect ratio 
employed. 

Effect of Speed 

vSo far all calculations have been based on a towing speed 
of 43 m.p.h., which at the present time is considered a. reavSOii- 
able vahu;. 

An increased speed will result in much greater air reaction 
on the main planes, but provided that a weak link is included 
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in the cable, to prevent overloading, there should be no 
danger. 

As the speed increases, so will the inaxinuun permissible 
cable angle decrease, unless there is a corresponding increase 
in the factors of design. 

(See Appendix V for the B.G.A. Regulations for Aero- 
towing.) 

Auto-Towing 

Auto-towing, or towing by motor car, resembles aero- 
towing to a large extent, and much of what has been written 
for aero-towing applies here also. 

Auto-towing is used chiefly for instructional pur})oses, but 
where a sufficiently large aerodrome or unobstructed level 
ground can be obtained it is possible to gain sufficient lu'ighl 
to enable soaring flight to be continued with convection or 
cloud currents. It is also used, either from the top or from the 
base of a hill, as a method of launching for contour soaring. 
These remarks refer also to towing behind motor-boats, as tlu‘ 
conditions are very similar. 

A long cable should be employed, of about 300 ft. in length, 
and of extra flexible construction. The conditions of loading 
are not dissimilar to those obtaining with aero-towing and a 
cable strength not greater than the loaded weight of the sail- 
plane, and not less than half, is recommended. A st ronger cable 
may be used provided that slower flying speeds are maintained. 

In order to gain height quickly the sailplane is made lo 
climb steeply immediately following the take-off, and may 
reach a height of 500 ft. in 30 seconds. This mciins that tlui 
path of the glider is longer than that of the car and conse- 
quently the speed is greater. For this reason the car speed 
may be slightly decreased after the take-off. 

Quick release devices should be fitted at both ends of the 
cable. 

The car speed may be accelerated to the maximum vclociiy 
quite quickly, but both acceleration and velocity sliould be, 
uniform, and no gear change should be made after thci glider 
leaves the ground. A powerful car is essential, and it should 
be fitted with chains if the ground is wet or slippery. 

The car should be driven on a straight course directly into 
wind, the wind speed being ascertained before each flight 
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and deducted from the required speed to obtain the vSj)eed at 
which the car should be driven. 'Phis is most iniportanl, 
especially in a high wind, and is one of the main ])oiiil.s of 
difference between auto- and aero-towing. An air speed 
indicator fitted to the towing car is a great advantage. 

The sailplane should be fitted with a wheeled landing 
chassis. Two wheels are better than one, as lateral balance 
can be more easily retained during the intervening period 
from the start to the time when the glider becomes air borne. 
If one wheel is used, wing-tip skids are beneficial. 

Cireat care is needed during the peidod from the actual 
take-off to tlie attainment of a height of about 30 ft., as a loss 
of fiying speed, for any reason whatcvci', must cause a stall, 
accompanied very likely with serious results. A frayed or 
kinkcid cable may lead to fracture dui'ing llight, in which case 
the sailplane is left in a climbing attitude, without thrust to 
support it, and a spin is almost inevitable. 

imr the same reason the sailplane should be put into a gcnille 
dive before releasing tlic cable, after the required height has 
been attained. 

Jhe car driver, or his assistant, should keep a watch on ilie 
glider during the whole lime it is attached, and by accehn’ating 
or slowing down can often hel]) to avoid dilTicult circumstances. 

The B.G.A. Regulafions for Auto-Towing are given in 
Appendix IV. 
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Flying Instkumknts 

Air S|uhmI Indicators -'The Altiiiielcr — 'l.'he VarioiiU'U'r Tho ('(Uiijiass 
• 'Idle Barograph. 

Air Speed Indicators 

A st*nsiUve airspeed indicator is llic luosl usid'ul instniiuont. 
Suilplaue pilots are taught to rely mainly on '' IVnd '' for (lying 
speed, blit for the best performance an indicator is lUH'i'ssary. 

Tlu^ sj)et‘(l at which maximum height ('an Ix' ohlaiiu'd in an 
up-enrreut is only a few miles per hour gn'aier than stalling 
speed, and the difference between this and a, luih' or two 
faster or slower has not only an effect on tlu^ lunght attainabk', 
but also on the time taken to reach any ])arti('ular altitiah'. 

Thtu'c arc other optimum speeds of llighi, sik'Ii as for bi^si 
gliding angle in calm air and when Hying against or with 
a wind, for which conditions the spee(i indii'ator is a great 
asset. 

There arc several types of air spiHxl indii'ators, or 
anemometers, but these can be dividcxl into ihwr main 
categories, vix. the tube anemometer, tlu‘. rotating ('up, and 
the ilat pressure plate. The tube a.u(‘m()uud('r is tlu' typ(‘ 
most generally used in this country, a,nd consists of two 

parallcd tubes fax'ing directly 
forward on tlu‘ iiuu'liiiu'. i'hc 
lower, calkxl tlu* pitot tnl)(L is 
open-ended, whiiti tiu^ olluu', or 
static tube, is c.loS(‘d at the, tmd, 
l)ut has a. seri(*s of smtill holt'S 
drilled round tlu^ (nnuimiVrtauu^ 
^SuenoN The tubes lead to th.e nx'ord- 

i-'uc 175. instrument and (xmiu’ct on 

Veiiiun Atienioiucter. either sidc of a diaphragm, so 
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to lift against a restraining spring, the amount of lift clependiug 
on the speed. This is a very simple type, Init is not mucli 
used. 

The Altimeter 

The next instrument of importance is the altimeter. 'J'his 
should be sensitive and with the minimum of lag. iFlie height 
for starting a distance flight can be gauged by this, and also if 
a knowledge of the country is possessed by a pilot he can 
judge, by his height, the possibility of reaching various sources 
of up-currents for the continuation of a flight. 

Altimeters are built on the aneroid barometer principle, 
and consist essentially of a thin round air-tight metal box, 
with corrugated ribs, from which the air has been cxhaust('d. 

The box is made of very thin material, so that the sides 
resemble diaphragms and deflect according to the air pressure 
on the outside. 

By measuring the air pressure the height above the earth’s 
surface is obtained. 

The Variometer 

The variometer is of great value, as it indicates to tlie 
pilot whether the machine is rising or sinking, or, in other 
words, it denotes the presence of vertically moving air, when 
the movement is of slight intensity. 

Unfortunately, most variometers possess a certain amount 
of lag which limits their usefulness to some extent. 

The variometer consists of an air chamber lifted with 
a diaphragm which is exposed on the outside to the atmosphere'. 
Air is trapped inside the chamber, which when taken to a highc'r 
or lower level causes the diaphragm to move outwards or 
inwards on account of the difference in pressure. 

The air chamber is connected with the outside by a long 
tube of fine diameter, so that air flows inwards or outwards but 
with restricted flow, this being known as the capillary leak 
principle. 

The Compass 

This is too well known in principle to need explanation 
here. Sailplane compasses are made of 2 or 3 in. diameter 
and of very small weight. 
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Thrir acn'iii’cicv is not of such importance, as for power 
aeroplanes, since Eights by compass course are not usual. 

A compass is necessary for distance flying and is of assistance 
when Eying in clouds or mist. 

The Barograph 

The l)arograph is required for most competition events 
and work of an experimental nature. The height during the 
whole course is recorded in a permanent form and shows 
clearly the intensity of upward and downward moving air 
streams encountered during a flight. 

le principle of the barograph is similar to the altimeter, 
ilu^ height being measured by the difference in pressure on 
the outside of a thin metallic box exhausted of air. 

11ic expansion and contraction of the box causes a lever 
arm, iitted with a pen, to move over a prepared chart and thus 
rticord the height against time. 

The recording piiper or drum is rotated by means of a clock. 
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APPENDIX I 


Theory of Induced Drag 

Fig. 185 represents the air flow past an aerofoil section so 
that it is deflected through an angle, g , from the horizontal. 
The mean direction of the air stream is shown by the dotted 
line AA. 

The air reaction is divided normally into components, 
perpendicular and parallel to, the initial wind direction shown 
by I. and D, but, if the line AA is used a,s datum, then the 
components become Li> and !)]>, whicli are called })r<)file lift 
and prolile drag, respectively. 



L and Lp are substantially ecjiuil, since the component of 
Dp parallel to 1 . is negligible in comparison, and, cou.seqiiently, 
the lift values will not be considerecl further. 

'J'hc drag values are not, however, equal in magnitude, as 
the component of jFirallel to the drag axis is considerabli' 
in relation to 1). 

The drag may now ])e considered as made \^^ of two ])a.rls, 
the triu* or profile drag and a. compoiu'ut of tlu^ lift callcxl 
"induced drag," and it is the value of this that varies with 
and is dependent on aspect ratio. 

Induced Drag Component 

Roughly speaking, the downward momentum imparted to 
the air by tht' ])resenc<' of the aerofoil, in unit time, is equal to 
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Fig. 1 86 . 


I the mass of air acted on^ multiplied by 

Ir^Dp downward velocity, which, in turn, 

is equal to the speed of air flow, V, 
/ T times sin e, where e is the angle through 

j^p/ which the streamlines are deflected. 

i ^ Lp If j^i is the area of ’ the affected 

I I air, then the downward momentum 

// must equal A^.V^.e.p/g, c being in 

/ radians, and, since this must equal the 

!/ vertical reaction on the aerofoil, we get 

Fig. i86. L = AhV^.e.p/g. . . • (l) 

The mean wind angle or angle of 
induced drag, as it is termed, e/2, hence 

. L 

2.A\Y\p/g. 

By Prandtl, the equivalent area, within which the wing 
may be assumed to affect the air flow, approximates to a circle, 
with diameter equal to the wing span. 

Hence (3) 

where S =span. 

The induced drag, by Fig. 186, may be taken as the lift 
multiplied by the relative wind angle or 

L 

Di=Lxt, but i= from (2) 

2.A^.Y\p/g ' ' 

and substituting the value of (3) for A^, we get 

Di= (4' 

Inserting coefficients, in place of the forces so far used 
we get from the normal form of drag equation : 

Di 

Kdi = — j~ and giving Di the value of equation (4) 

A.V .p/g. 


Tr.S\Y\p/2g. xA.Y^pJg. 
_ L® 

■KS^AN\py2g\ 

Now L = KL.A.Vlp/g. 
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Therefore Kdi = 




^ K^A. 

S^.Tt/j ■ 

and since SyA=aspect ratio, or A, 


Kdi = 


K.irjz 


(5) 

( 6 ) 


and this gives the coefficient of induced drag in terms of Kl, 
and the aspect ratio. 


Effect of Change of Aspect Ratio on Angle of Attack 

An increase in aspect ratio gives higher values of L /D, owing 
to the fact that the lift coefficient values are produced at 
smaller angles of attack. This decrease takes place in the 
induced angle of attack, as it is the induced drag component 
that is reduced, and it is necessary, therefore, to find the value 
of the induced angle. 

The difference between the values of the induced angles 
of attack, for two different aspect ratios, is deducted from the 
angle for the life coefficient being considered, in order to find 
the angle of attack for the higher aspect ratio producing the 
same lift value. 


IT'om (2) i — 


L _ 

2 Ah Vh p/g. 


and substituting again the normal value of L, and 


Kl. A. Vh /)/g. _Kl. A 
2. S“ p./g. 7r/4 S“ it/ 2 - 


7rS2 

4 


for A"* — 


in terms of the lift coefficient and aspect 

A 7r/2. 


('luinging i from radians to degrees 

j„57;3y = 3f’'5Kl. ( 7 ) 

Air / A 

The change in the angle of attack, then, for an alteration 
of aspect ratio is given by 
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mx-«2==36.5 



where ajand a 2 are the angles of attack for the aspect ratio 
at which the aerofoil was tested, A^, and for the new value for 
the design. A 2, respectively. 



APPENDIX lA 


Mktuoi) of Obtaining Polar of Aerofoil for Aspect 
Ratios other than that for which Test Results 
are Available 

In sailplane design it is necessary to use the polar curve 
of the aerofoil characteristics relating to the particular aspect 
ratio that is being used for the design, A 2, and as test results 
are generally available for one aspect ratio only, A, (usually 
5 or 6), it becomes necessary to calculate values of the modilied 
polar. 

Fig. ig on page 35 shows the polar of (iottingen 535 
section, for an aspect ratio of 5, which has been prepared from 
the wind tunnel test results. 

Since the portion of the drag known as profile drag remains 
constant for all aspect ratios for any one wing section, it is 
possible to find the values over a series of angles of attack, by 
iirst calculating the coefficient of induced drag for tlie aspect 
ratio of the test and then subtracting this from the total drag 
coefficient. 

The coefficient of induced drag for the new as]K‘ct ratio 
can then be calculated, and added to the profile drag, thus 
obtained, to give the total drag at the aspect ratio required. 

As an exam]fie, calculations are shown for section (hittingt'ii 
335, and a change of aspect ratio from 5 to 13, the results being 
tabulated in tables 5 and (>. 

In Table 3, Kj)i=^ . from formula (()), Appendix 1. 

TT / 2- A 

Hence for ratio 3, —.1274 Ky, 

Hence values of Kni arc found. 

Kni> is then obtained by subtracting Kdi from Kd. 

In Tabic b the values of Kdi arc calculated (or the new 
aspect ratio, and added to the profile drag figures of I'able 5, 
giving the drag coefficient for the rcquii'cd ratio. 

22(J 
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Tlio values of tlic angle of attack have not been included 
in the second table, since they will be changed from the values 
in the first table. If the angles are required, they may be 
calculated as shown previously. Formula 8, Appendix I. 

The new drag values may now be plotted as abscisscu, 
against the lift values as ordinates, and this is done in Fig. 19 
previously referred to. 

The values for induced drag have also been plotted for this 
aspect ratio, the difference, horizontally, between the induced 
drag curve and the polar, for aspect ratio 15, being the profile 
drag. It will be noticed that the profile drag remains fairly 
constant at all angles, whereas the induced drag component 
increases rapidly as the angle of attack increases. 

Since high angles of attack are important with sailplane 
work, the value of low induced drag, and consequent high 
aspect ratios, is readily appreciated, whereas with high speed 
aircraft, using low values of angle of attack, the need for large 
aspect ratios is not so apparent. 

Table 5 

Profile Drag, Gottingen 535 


0 

(1 

Kl 

Kl" 

Tr Kl" 

Kdi = , . 

TT/aA 

Kd 

K])i>=^Ki)”- Kni 

-8 

0.02 

.0004 

.000051 

0 

0 

{.009) 

-4 

0.16 

.0256 

.00326 

.01 

.0067 

0 

0-315 

.0991 

.01262 

.02 

. 0074 

4 

0.46 

.212 

.0270 

-035 

. 0080 

8 

0 .6 

•36 

•04585 ' 

-0545 

.0086 

12 

0-715 

•51 

.0650 

.08 

.0150 

16 

0 

00 

i 

.61 

.0777 

.11 

-0323 



APPENDIX 


231 


Table 6 


Drag Coefficients for Aspect Ratio 15 


Kl 

Kl“ 

Kdi= -Yr 

Tt/aA 

Kdp I 

(from Table 5) 1 'Cd=Kui 4 Kjjp 

0.02 

.0004 

— 

(.009) 

.009 

0.16 

.0256 

.00107 

0 

0 

GA 

.00777 

^>•315 

.0991 

.00418 

1 

.0074 

.01158 

0.46 

.212 

.00905 

.ooSo 

.01705 

0 . 60 

.36 

.01528 

.0086 

.02388 

0.715 

•51 

.0217 

.0150 

.0367 

CO 

c 

.61 

.0259 

■ 0323 

.0582 
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AEROFOIL R.A.l'. 30.'** 


Size of Model 
Reynolds No. 
Wind Tunnel 
Year of Test 


Span 48 in., Cliord H in. 
Fc/y ^ :55,5oo and 252,000. 
ILA.E. Vx 7 R. 

UJ2/1. 


Profile. 

(Symmetrical Section.) 
(Co-ordinates arc per cent, of ciiord.) 


Distance from L.F. 1 Upper and ].n\v<-r Surfaces. 


0 

0 

1,25 

1. 80 

2.5 

2.48 

6 

3.46 

10 

4.68 

15 

5.44 

20 

5.94 

25 

6.20 

30 

6.32 

35 

6.30 

40 

6.20 

45 

6.00 

50 

5.66 

55 

5.26 

60 

4.78 

65 

4.28 

70 

3.70 

75 

3.12 

80 

2.50 

85 

1.90 

90 

1.50 

95 

0.70 

100 

1 0 


Radius of Curvature at LJL = 1.29 per cent, chord. 
Radius of Curvature at T.E. — 0.13 per cent, chord. 


Coefficients . 

Values relate to aspect ratio 6 and arc correcteil for tunnel 
interference. 


1 

Kl 

Kb 

Kc 1 

Km 1 

i» 

(rc/t)=335,5( 

—0.9 

50.) 

—0.031 

i 

i 



1,4 

40.2 

4-0.007 

0.0050 1 

— 



2,3 

0.083 

0.0058 

— 


14. 3 

4,3 

0.156 

0.0081 

— 

— 

19.3 

6.4 

0.231 

0.0120 1 

— 

— 

19.3 

8.4 

0.306 

0.0174 , 

— 


17.6 

10.4 

0.372 

0.0235 < 

— 

— 

15.8 

12.4 

0,429 

0.0312 

— 

— 

13.7 

14,3 

0.458 

— 



— 


16.0 

0.365 

— 

— 




17.9 

1 0.353 


— 

— 


(Fc/z;=: 252,1 
—1.8 

DOO.) 

—0. 069 

0.0062 


-1 0.0125 


4-0.05 

4-0.005 

0.0056 

0.935 

—0. 0033 

0.5 

0.2 

— 

0.0054 





2.1 

0.075 

0.0062 

0.259 

- 0.0194 

12.1 

4.1 

0,144 

0.0084 

0.240 

- 0. 0346 

17.2 

6.1 

0.222 

0.0122 

0.245 

—0.0543 

18.2 

8.1 

0.300 

0.0176 

0.250 

-0.0748 

17.0 

10.0 

0.360 

0.0236 

0.242 

—0.0920 

15.3 

12.0 

0.415 

0.0309 

0.240 

—0.0991 

13.4 

13.8 

0.402 

— 

0.284 

—0.1156 


15,6 

0.362 

— 


..... 


* R. & M. 928. 
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RAF 30 


Datum 


o/o 

OF 

Chord 



%OF Chord 



i''XG. I 87. 
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Sizp of Model 
UeyiioUls No. 
Wind 'I’lmuol 
\'eiLV of Teal 


AKROKOLl. K.A.F. 34.'’= 

... ... Span 48 ill., Ckurd 8 in. 

Vc/v 

... ... l^.A.K. 7X7 ft. 

... 1920. 


I’ROFILE. 

(Co-ordinalc.s are per cent, of clionl.) 


hislaiuM' rrom 

Upper Surface. 

Lower Surf .ICC, 

0 

0 

0 

X.25 

1.98 

—1.62 

2.5 

2. 82 

--2.14 

5 

4.11 

—2.81 

H) 

5.83 

—3.53 

If) 1 

6.97 

- 3.91 

21) 

7,72 

-4.10 

2,‘j 

8.14 

—4 . 26 

.SO i 

8.32 

- 4 . 32 

;s5 

8.27 

- 4.33 

40 

8.08 

—4.32 

45 

7.74 

—4.26 

50 

7.21 

—4.11 

55 

6.59 

—3.93 

60 

5.87 

—3.69 

65 

5.13 

—3.43 

70 

4.31 

- -3.09 

75 

3.49 

—2.71 

80 

2.70 

—2.30 

85 

1.95 

—1.85 

00 

1.26 

—1.34 

95 

0.64 

—0.76 

100 

0 

0 


Coefficients. 

Values relaLo to aspect ratio 6 and are corrected for tiiiiuel 
interference. 




'A 

^Cl. 


'V''n 

—1.2 

---0,0035 

0.0056 

—1.34 

i —0.0048 

^0.6 

•1 0.9 

-1-0.070 

0.0055 

-1-0.275 

—0,0193 

4-12.7 

2.9 

0.157 

0,0078 

0,262 

i —0.0411 

20.1 

5.0 

0,244 

0.0124 

0.268 

, —0.0655 

19.7 

7.1 

0.328 

0,0180 

0.266 

1 —0.0871 

18.2 

9.1 

0.395 

0.0244 

0.260 

1 —0.1023 

16.2 

11.2 

0.452 

0.0320 

0.253 

—0.1134 

14.1 

13.2 

0,494 

0.0410 

0.250 

—0.1227 

12.0 

15.2 

0.510 

0.0546 

1 0.258 

—0.1302 

9.4 

17. 2 

0,499 

— 

— 

, — , 



19. 2 

0.456 


' ■ 

— 

— , 


* R. & M. 1071. 
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RAF 34 

10 — ' — ' 

% 5 

DATUM OF 0 

Chord c 

^0 10 20 30 40 50 60 70 80 »0 

%0F Chord 



Aerofoil R.A.F34. 



Fig. ;uS8. 
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AEROI'OIL CLARK Y.H.* 


Size of Model 
Reynolds No. 
Wind Tunnel 
Year of Test 


Span 30 in., Chord 5 in. 
Ye/?; = 3,570,000. 

N.A.C. A. Variable Density. 
1926. 


Trofile. 

(Co-ordinaics are per cent, of chord.) 


Distaucc from L.IL j 

Upper vSiirfaco. 

Lower Sui fac 

0 ' 

3.5 

3.5 

1.25 

5.45 

1.93 

2.5 

6.50 

1.47 

5 

7.90 

0.95 

7.5 

8.85 

0.63 

10 

9.60 

0.42 

15 

10.685 

0. 15 

20 

11.36 

0.03 

30 

11.70 

0 

40 

11.40 

0 

50 

10.515 

0 

60 

9.15 

0 

65 

8.30 

0 

70 

7.41 

0.06 

SO 

5.62 

0.38 

90 

3.84 

1.02 

95 

2.93 

1.40 

100 

2.05 

1.85 


Radius of Curvature at Leading Edge -■-=> 1. 5 per f,eut. e.lionl. 


COEl'FrClENT.S. 

Values relate to aspect ratio 6 and are corrected tor tumwd 
interference. 




I 

N-,. 


K,;K, 

—6.1 

—0.1095 

0.0081 

+ 0.130 

-1-0.0143 ' 

- 13.5 

—4.5 

—0.0570 

0. 0066 

—0.051 1 

" -0.0029 ' 

- H.6 

—3.0 

+ 0.0010 

0.0059 

+ 11.730 

- 0.0082 ' 

t 0,2 

—1.5 

0.0555 

0.0057 

0.528 

- 0, 0292 

9.7 

+ 0.1 

0.1150 

0. 0069 

0.320 

- 0. 0368 ! 

16. 7 

1.6 

0.1710 

0.0086 

0.326 

-0.0559 1 

19.9 

5.2 

0.2270 

0.0115 

0.296 

- 0.0673 1 

19. 7 

4.7 

0.2810 

0,0150 

0.291 

-0.0818 1 

18.7 

6.3 

0.3335 

0.0190 

0.289 

—0.0963 1 

17.6 

7.8 

0.3935 

0.0249 

0.274 

—0. 1077 ' 

15.8 

9,3 

0.4455 

0.0303 

0,262 

—0. 1164 

14.7 

10.9 

0.4945 

0,0369 

0.261 

—0. 1284 

13.4 

12.4 

0,5480 

0.0443 

0.267 

—0.1453 

12.4 

14,0 

0 . 5945 

0.0532 ' 

0.270 

■ -0. 1592 

11,2 

15.5 

0.6335 

0.0620 1 

0.277 

—0.1735 

1(1, 2 

17.0 

0. 6510 

0.0711 

0.281 

-0.1810 

9.2 

18.5 

0.6155 

0.1045 

0.290 

-0.1792 

5.9 

20.0 

0. 5980 

0.1163 

0.298 

—0.1795 

5. 1 

21.4 

0. 5330 

0.1460 

0.323 

—0.1778 

3.7 



* note, No. 240. 




I 

i 
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Clark YH. 


TSATUM 




30 40 SO 60 70 80 90 100 

%OrCH01?D. 
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AEROFOIL GOTTINGEN 


Size ol Model 
Reynolds No. 
Wind Tunnel 
Year of Test 


Span 30 in., Chord 5 in. 
F'c/'?; = 3,470,000. 

L.M.A.L. Variable Density. 

1026. 


Profile. 

(Co-ordinates arc per cent, of chord.) 


Distance from L.E. 

UppPi* Surface. 

Lower .Surfii 

0 

3.78 

3.78 

1.25 

6.53 

1.43 

2.5 

7.91 

0.93 

5 

9.89 

0.40 

7.5 

11.32 

0.15 

10 

1 12.40 

0.03 

15 

13.84 

0 

20 

14.71 

0.05 

30 

15.34 

0.23 

40 

14.85 

0.38 

.50 

13.47 

0.50 

60 

11.54 

0. 57 

70 

9.21 

0.58 

80 

6.58 

0.49 

90 

3.61 

0.28 

95 

2.02 

0.16 

100 

0.25 

0.25 


Coefficients. 


Values rein, to to 


aspect ratio G and are (^orrecled for luniK'l 
interference. 


a® 


K. 

■'op 


—9.06 

—0,078 

0.0078 



—0.029 

—5.98 

-1-0.031 

0.0063 


—0.053 

— 4.44 

0.084 

0.0070 

0.807 

—0.068 

—2.89 

0.140 

0.0086 

0.602 

—0.084 

—1.35 

0.195 

0.0105 

0.452 

—0.088 

0.19 

0.252 

0.0142 

0.401 

—0.101 

1.73 ! 

0.306 

0.0184 

0.381 

—0.117 

3,28 

0.363 

0.0234 

0.351 

—0.128 

6.36 

0.480 1 

0.0356 

0.296 

-0.143 

9.44 

0.573 

0.0502 

0.304 

-0.174 

12.50 

0.654 

0.0670 

0.301 

— 0.19G 

15.50 

1 0.664 

0.0924 

0.332 

—0.221 

18.50 

i 0.660 

0.1231 

0.337 

—0.224 

21.49 

0,638 

0.1501 

0.350 

1 

—0.227 


'\l ' n . 


n.{) 

10. 

18. G 
17.7 
IG.G 
11). G 
LLf) 

11 . <1 
1),8 
7. a 
l>.4 
4.3 


«■ N.A.C..4.. Report 331. 
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AEROFOIL GOTTINGEN 426.^- 


Size of Model 
Reynolds No. 
Wind Tunnel 
Year of Test 


Span 1 metre, Chord 20 cm. 

10,000 

Gottingen. 

1921. 


Profile. 

(Co-ordinates are per cent, of chord.) 


Distanco from L.E. 

Upper Surface. j 

Lower Svirfae 

0 

3.5 

3,5 

1.25 

5.6 

1.6 

2.5 

6.65 

1.35 

. 5 

8.2 

1.05 

7,5 

9.4 

0.75 

10 

10.35 

0.6 

15 

11.85 

0.35 

20 

12.85 

0.15 

30 

13.6 

0 

40 

13.15 

0.15 

50 

11.75 

0.35 

60 

9.9 

0.65 

70 

7.65 

0.85 

80 

5.25 

0.9 

90 

2.6 

0.6 

95 

1.25 

0.35 

100 

0 

0 


Coefficients. 


Values relate to aspect ratio 0 and arc cnrrecleil for 
interference. 


a° 

i ''l 

1 

i 

L, 


—8.8 

—0.072 

j 0.0321 

; -0.18 

-0.014 

- 2,2 

—6.0 

+ 0.036 

1 0.0106 

11.642 

• -0.057 

1 3.4 

—4.7 

0.086 

0.0087 

0.800 

! —0.068 

9.1) 

—3.3 

0.136 

0.0090 

0.588 

i 0.0795 

15. L 

—1.8 

0.188 

0.0106 

! 0.506 

! - 0.095 

17. H 

—0.5 

0.2435 

0.0124 

! 0.444 

! - 0.108 

1 19.6 

40.9 

0.293 

0.0152 

1 0.4125 

, •'■0.121 

1 19.3 

2.4 

0.350 

0.0184 

0,3875 

1 --0.135 

19.0 

3.7 

0.400 

0.0232 

0.371 

! -0.149 

17.3 

5.2 

0.4525 

0.0278 

0.352 

0.1595 

16.3 

7.9 

0.545 

0.0398 

0.342 

—0.187 

13.7 

10.7 

0.635 

0.0567 

0.333 

—0.2115 

11.2 

13.7 

0.640 

0.0806 

0.342 

—0.220 

8.0 


* “ Ergebnisse cler Versiichsaustalt zu GottingcMi,” F.i(4eruiigtMi I and III. 
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Gottingen 426 , 



0<De0ReiS5 

Fig, 191, 


i 
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AEROFOIL GOTTINGEN 535.* 


Size of Model 
Reynolds No. 
Wind Tunnel 
Year of Test 


Span 39,37 in., Chord 7.^74 in. 

= 4,840,000. 

Gottingen. 

1926. 


Peoftle. 

(Co-ordinates are per cent, of chord.) 


Distance from L.E. Upper Surface. Lower Surface, 


0 

1.25 

2.5 

5 

7.5 
10 
15 
20 
30 
40 
50 
GO 
70 
80 
90 
95 

100 


4.30 

8.35 

9.75 

11.55 

12.90 

13.95 

15.30 
16.05 

16.30 
15.35 
13.75 
11,65 

9.22 

6.55 

3.55 
1.90 
0,15 


4.30 

2.30 
1.5.5 
0.80 
0,50 
0,30 
0.05 
0,00 
(1,25 
1,15 
2.20 
3.00 
3.00 
2.50 
1.45 
0.G5 
0.15 


Coefficients. 


Values relate to aspect ratio 3. 






—9.15 

—0.018 

0.0094 1 



—6.10 

-1-0.085 1 

0.008 1 

0.92 

—4. 60 

0.138 ! 

0.0096 

0,68 

—3. 10 

0.193 j 

0.0115 

, 0..55 

—1.75 

0.25 I 

0.0124 

1 0.485 

—0.10 

0.305 1 

0.0183 

i 0.442 

1.15 

0.357 1 

0.0226 

0.415 

2.75 

0.413 1 

0.0282 

, 0.392 

4.15 

0.465 1 

0.0348 

1 0.375 

5.70 

0.512 ' 

0.0416 

1 0.366 

8.60 

0.606 1 

0.0573 

1 0.35 

11. 55 

0,694 1 

0.0754 

0.34 

14.40 

0.77 

0.0955 

0,332 

17.45 

0,77 

0.1227 

0.345 


- 1.910 
-{ 10. (i2 
14.37 
IG. 78 
20. 10 
10. GO 
15, 81) 
14. ()5 
13.30 
12.3 
10.(5 
9.2 
8.06 
0.28 


* N.A.C.A. Report 28G. 
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Gottingen 535 


7o CHORD 


20 

10 

0 



0 10 20 30 40 50 GO 70 80 90 100 
7.CHORD 

Aerofoil Gottingen 535 



I'lG. 192, 
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AEROFOIL GOTTINGEN 549.* 


Size o£ Model 
Reynolds No. 
Wind Tunnel 
Year of Test 


Span 39.37 in., Chord 7.87^ in. 
Vc /i; = 4,840,000. 

Gottingen. 

1026, 


Profile. 


(Co-ordinates are per cent, of chord.) 


Distance from L.E. 

Upper Surface. 

Lower Surface. 

0 

3.45 

3.45 

1.25 1 

5.70 

1.95 

2.5 1 

6.80 

1.60 

5 

8.45 

1.10 

7.5 

9.65 

0.75 

10 

10.70 

0.55 

15 

12.25 

0.25 

20 

13.20 

0.05 

30 

13.85 1 

0.00 

40 

13.40 

0.10 

50 

12.05 

0.30 

60 

10.05 

0.55 

70 

7.90 

0.65 

80 

5.35 

0.55 

90 

2.70 

0.30 

95 

1.40 

0.15 

100 

0,00 

0.00 


Coefficients. 


Values relate to aspect ratio 5. 


C(,° 1 

'A 

Kn 


L / 

f 1 ) 

— 8.8 ! 

— 0.085 

0.034 

! 

2.5 


-hO.Ol 

0.0077 

— 1 

- 1 - 1.298 

—3 ■ 

0.115 

0.0074 

0.624 

15.74 

— 0.1 

0.218 

0.011 

0.45 

19 . 82 

2.8 

0.321 

0.0178 

0.38 

18.04 

5.8 

0.424 

0.0283 

0.35 

15 

8.6 

0.524 

' 0.042 

0.34 

12.46 

11.7 

0.616 

0.0582 

0.325 

10,6 

14.5 

0.665 

0.078 

0.322 

8.52 

17.5 

1 

0,626 

0.101 

0.325 

0.2 


* N.A.C.A. Report 286. 
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GOTTINGEN 54-9 
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B.G.A. Regulations Governing Mechanicai. LAUNciiiNCr 
APPROVED METPIOUS 

The following methods are at present approved for general 
nse : 

1. The launch is made with the aid of one motor-car 
attached to the glider with about 6o ft. of double 5/8 in. shock 
cord and a length of rope of at least 100 ft. For launching the 
glider faces directly into wind with the car in front, the tail 
being held back in the usual manner. A small flag, or other 
suitable mark, is placed in front of the car at a distance equal 
to the length of elastic. The launch is made by driving the 
car forward until the shock cord is stretched to douldc length, 
as determined by the fixed mark, when the release is made. 
As soon as the elastic falls clear of the glider the car is driven 
to the left to avoid collision. 

2. This method is similar to (i), but employs a pulley 
affixed to the ground at a distance of at least 200 ft. in front 
of the glider, at which point the rope is turned through an angle 
of 90*^, or thereabouts, so that the motor-car is driven in a 
direction at right angles to that of the glider. Regulation 
(3) is of the utmost importance with this method of launching. 

REGULATIONS 

Note . — Mechanical launching has a greater element of 
danger than the orthodox team method and if used extreme 
care should be exercised. 

These regulations refer only to launching done with the 
aid of a motor-car in place of the usual launching crew. (Auto- 
towing is covered by separate regulations.) 

I. Only methods of mechanical launching as approved by 
the B.G.A. shall be used. Clubs or individuals wishing to 
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make use of other methods must hrst submit full descriptions 
of their scheme for approval by the B.G.A. 

2. Mechanical launching shall only be used when a cai)able 
instructor superintends its use. 

3. For any method of mechanical launching, a quick 
release, operable by the pilot, must be incorporated with the 
launching hook. The release lever shall be as close to the 
pilot's hand as can be arranged. The launching hook shall 
be of the open drop off " type. 

4. The speed and direction of the wind must be carefully 
measured or estimated and allowed for in the si)ecd of the 
launch, 

5. 'I'he joint between the cable and shock cord must b(‘. 
wc‘ll made and ])eriodically inspecl(‘d. 

Kh:(()MMh:Nl)ATl()NS 

I . Private, groups arc‘ recomuuaided not (o employ nu'chani- 
cal launching unl(‘ss in poss(‘ssion of at haisl tlu' “ l> " certi- 
ficate'. 

■j. A pilot Hying any iu‘W ly])(‘ of nruhine should receive 
gentle launclu's for tlu‘ hrst few flights and tlu'si' should be 
mad(‘ by the shock ('ord method. 

3. It is reromnu*nd(‘d that th(‘ pilot should not giv(^ the 
command “ rt'h'asi* ” at tlu' lauiuF, but that this should 1)(‘ 
doiu^ by sonu'oiu' lU'ar tlu' nauHiiiu' on i'e('(‘i\ang a, signal from 
sonU'oiK' in the car, or standing lU'ar the flag or mark. 

.(, In any nu'thod (aiijdoying tlu‘ us(' of a pulh'y, care should 
be takt'ii to mak(‘ sur(‘ that it is well li.xc'd to tlu' ground by 
two or more long stak(*s, <lriven wvW in and ropc'd tog(‘ther, 
and th(‘ pulk'y .should 1>(‘ k(‘pt wt‘ll gn‘as(‘d to pn'vi'iit over- 
heating and possible' sc'izun*. A pulh'y with large flanges is 
r(H:c)mmend(ul and it .should not Ix^ ])()ssil)le for the rope to 
ride ovt'r or jam in any way, 

5. If tlu^ sho(Hv cord is in.s<‘rted IxdweH'ii tlu; car and tlu; 
cable there is little; like'lihoexl of e'itlu'r the; pile)! or the' macliine 
ge'tting damage'd in the' t've'Ut e)f a, breakage e)[ the' shock cord. 
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B.G.A. Regulations Governing Auto-Towinc; 
OPERATION 

Al)~initios . — As a first step the beginner should be towed 
at a little under flying speed, so that, although the glider 
responds to the movements of the rudder and elevator, the 
glider cannot leave the ground. The length of cable used at 
this stage should be 150 ft. By this means the pupil learns 
to keep on a straight course and to maintain the fore and aft 
trim. If he veers to one side the car is accelerated and tlu' 
nose of the glider is thus jerked straight into line with the car. 
It is important that the cable should not be released when the 
pupil yaws, as this would probably cause the glider to cartwhec’l 
on one wing-tip. Ab-initio training should not be carried out 
on a gusty day, as the machine will be liable to leave the ground 
under the influence of gusts. 

Second Stage . — -The speed of the car is slightly increased st) 
that the pupil is able to fly behind the car at a height of a ftnv 
feet above the ground. Any inclination on the part of tlu' 
pupil to fly higher than this should be immediately reju'essed 
by a gradual deceleration of the car, which will cause tlu' 
machine to land, when the instructor should correct his fault 
before commencing another flight. licight can be gained very 
rapidly during auto-towing, and the pupil is liable to be dis- 
concerted at finding himself very high. Further, while tht; 
machine is much more under the control of the car when 
flying between 6 and 8 ft. high, it is also easier for the pupil 
to recognise changes of altitude when so near the ground. 
He therefore learns to fly on a steady flight path. By gradual 
stages the altitude of the glider is increased to 20 and then to 
50 ft., still being assisted in landing by regulating the speed of 
the car. The length of the cable should be increased in 
proportionate stages to 300 ft. During the first and second 
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stages, the cable release must be locked so as to prevent 
inadvertent operation by the pupil. 

Thiyd Stage . — When the pupil has proved that he is master 
of the glider on these '' attached flights,” he is again towed a 
few feet above the ground and is allowed to cast off the towing 
cable and land himself. After this he is towed a little higher, 
and must make gentle turns to left and right through an angle 
of roughly 20'' and land into wind in the direction of the 
take-off. After attaining proficiency in these turns and 
landings he is allowed, on a calm day, to make a semi-circular 
turn from a height of 50 to 8(3 ft. before landing. 

Fourth Stage . — The pu})il should now be taken to a hill 
site for practice in soaring flight. 

OBSERVATIONS 

The critical time in auto-towing is between attaining 
flying speed and reaching a height of 20 or 30 ft., particularly 
if the wind varies. Extra care is necessary during this period. 

A great deal of responsibility rests on the instructor, 
because he must be able to anticipate and quickly correct 
any mistakes made by the pupil. 

Care should be taken in choosing the driver of the car, 
who should be able to re-act quickly to tlie orders of the 
instructor. No gear change may be marie after the glider 
leaves the ground. It is found that a slight decrease in the 
speed of the car is nccc'ssary when the glider leaves the ground, 
due to the increase in air speed caused by the climb. 

The instructor shall inform the driver of the car, before 
starting the flight, tlu^ air speed to be attained and to be 
maintained. 

All training must 1)(.‘ carried out directly into wind. 

To allow for vai'ying lengths of cable necessary, a winch 
should be .securely fastened to the car as near to the central 
position of the chassis as possible, lliis winch should be 
fitted with an efficient brake. 

The cable must be kept free from kinks or weak places, 
because if it breaks, while the glider is just taking off, the 
machine is very liable to stall. 

If at any time during the flight the pilot feels the tow 
relax, he should level out, operate the release and immediately 
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put the machine into its gliding angle. The pilot at all times 
must assure himself that the cable has actually been released, 
as otherwise a bad accident may result. 

During a flight, in the third stage, if the instructor observes 
that the pilot has failed to release the cable, or the cable 
remains attached, he should immediately have the cable 
released at the car end, and failing this he should instruct the 
driver of the car to follow the glider so as to remain as close 
as possible. 

REGULATIONS 

1. All gliders used for auto-towing must have a special 
Certiheate of Airworthiness for that purpose issued by I'lie 
British Gliding Association. For training purposes a single 
track undercarriage (i.e. one with a single wheel and/or skid) 
is inadvisable. 

2. Any existing glider, holding a normal C. of A., wiiicli 
is to be adapted for auto-towing must be re-approved for 
the special C. of A. For this an appropriate fee will be charged. 

3. The towing hook shall be fitted with a “ fool-proof” 
release with the operating device close to the pilot’s hand 
and shall be of a type approved by The hh'itish Gliding 
Association. 

4. Means for locking the release .should be ]n'ovided. (11 
is essential that beginners should be entirely under the contro] 
of the instructor.) 

5. The towing cable shall be of not less than to cwt. break- 
ing strength and of extra flexible construction. It must be 
examined before each flight. A shock absorber consisting o 
a double link about 15 in. in length of :T' braided elastic cord 
with 10 cwt. check cable to allow 50 per cent, extension, shoulc 
be fitted. Good quality f'" diameter sash cord may be iisc^cl ii 
lieu of steel cable if desired. 

6. An air-speed indicator must be mounted on the ca, 
well within the vision of the driver and connected to a. ])ito 
head mounted on a strut, at least 5 ft. above any part of th< 
car. 

7. An instructor with experience of auto-towing sha] 
always be in the car with the driver, seated in such a positioi 
that the glider and pupil are in full view tliroughoiit th 
flight. 
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8. A separate master throttle control shall be fitted near 
the winch breike, in order that the instructor can regulate the 
speed of the car in an emergency. 

9. The towing car shall be of suliicient power and relia- 
bility to make a quick '' get-away and avoid stalling the 
glider close to the ground. A minimum of 20 h.p. is recom- 
mended. 

10 . On wet grass, or on ground where wheel-sli]:) is likely to 
occur, chains should be fitted to both driving wheels. 

11. The glider shall be fitted with adequate harness for 
the pilot (and passenger). Harness to be of a type apjn'oved 
by the B.G.A. 

12. If primary type gliders are used for auto-towing tlu'y 
shall not be taken to a greater height than 10 ft. abov(' the 
ground. Any infringement of this regulation will entail 
suspension of the Certificate of Airworthiness. 

13. The point of cable attachment shall be within the 
limits as specified below : 

(a) For elementary training purposes : Within the angU* 
formed by lines drawn through the ('.C. position (loadc'd), 
forwards and downwards, at lo*^ and 40'' to tlie horizontal, and 

(/;) For advanced work : Within the angle formed by line's 
drawn through the C'.G. position (loaded), forwards and down- 
wards, at 10° and 80° to the horizontal. (See Fig. 194.) 



i<J4. — Cable attacbnioat posiliun for 
Autu-towiug. 
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B.GA. Regulations Governing Aeroplane-Towing 
{Provisional) 

1. No sailplane, or glider, shall be used for aero-towing 
unless in possession of a current B.G.A. Certificate of Air- 
worthiness duly endorsed for aero-towing. Proof that the 
necessary strength requirements have been complied with 
will have to be shown. 

2. Gliders shall only be towed by aeroplanes properly 
equipped for aero-towing, approved by the Air Ministry, 
and with the Certificate of Airworthiness endorsed to that 
effect. 

3. The towing cable shall include a weak-link to fail 
at a load equal to the loaded weight of the glider, 'fhe link 
to be fitted at the glider end of the cable. 

4. The strength requirements, extra to those for normal 
category gliders, are : 

[a) The fuselage shall be capable of withstanding a load 
at the cable attachment position of 200 ll)s. liorizontally, 
changing to 250 lbs. vertically, with a factor of 2. 

(&) Suitable drag-bracing shall be present. 

A towing speed of 45 m.p.h. has been assumed. 

5. No elementary training type of glider will be a]}proved 
for aero-towing. 

6. Only pilots in possession of a " C *' Soaring ('ertificate 
will be allowed to pilot gliders being towed by aeroplane. 

7. A minimum length of 300 ft. is suggested for the calile. 

8. Towing cables must be dropped by the towing aeroplane 
over an aerodrome so as to fall clear of all buildings and 
persons. 

9. All sailplanes must have a release definitely operable 
by the pilot. 
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AIR MINISTRY NOTICE 
Use of Aircraft for Towing Gliders 

1. Only aircraft specifically approved for the purpose are 
to be used for towing gliders. 

2. When such approval is required application is to be 
made iii the first instance to the Secretary, Air Ministry (C.A.2), 
Adastral House, Kingsway, London, W.C. 2, and at the same 
time full details of the proposed scheme are to be forwarded 
to the Chief Superintendent, Royal Aircraft Establishment, 
Farnborough, marked for the attention of the Airworthiness 
Depariment. 

3. hkdore approval is given it will be ascertained that the 
struclurt‘ has an adequate margin of strength under loads 
from the lowing cable, and that the control of the aircraft 
will not be endangered when the pull on the aircraft from the 
towing cable acts in any reasonably probable direction. 

4. A weak link, which shall break at some predetermined 
load, is to be included in the towing cable near its point of 
attachment to the towing aircraft, the load referred to being 
lixed after consideration of the details of the towing arrange- 
ment proposed. 

5. Ouick releases, \mder the control of the pilots of the 
aircraft and glider respectively, are to be fitted at both ends 
of the towing cable. 

f). Suitable ])r()vision is to be made to guard against the 
tow r()])e fouling any ])art of the aircraft, both when under 
load and when reU^asecl or slackened by the glider overtaking 
the aircraft. 

A ir M ifiiHlyy, 

Lo}nlon, IF.F'. 2. 

lodi Septc^iihcr, 1931 . 
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B.G.A. Inspector’s Report on Construction of Gtjpfr 
FOR Certificate of Airworthiness 

Type of Glider 

Constr%ictor5 

Owner 

Name of Inspector Date 

A. — Timber. 

1. State kind of timber, and grade, used in construction. 

2. Does this comply with the drawings and specifications ? 

3. Is the timber and plywood of good quality for all stressed 

components ? 

4. If any defects are present, such as knots or crooked grain, 

state nature of defects and positions. 

5. Give particulars of all joints and splices in the main spars 

and longerons. State angle of splice. 

6. Have all plywood joints on the leading edge and fuselage 

been well feathered ? 

7. Have all glued joints been properly made and uikUt' 

pressure ? 

8. Has a good quality glue been used ? 
g. Are all holes properly drilled ? 

10. If any king-posts are employed, are they well made with 

grain parallel to the length, plywood covered, lu'ld 
firmly with fillets, and copper lined at tin; cable con- 
nection point ? 

11. Has all woodwork been treated against weather e(T(‘cts ? 

B. — Fittings and Metal Parts. 

I. Has only metal to aircraft specitication boon used for all 
stressed parts ? 
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2. Are tubes, wires, cables and bolts to aircraft specification ? 
. Are any hinges held by wood screws ? 

. Plave all bolts been properly secured with nuts and split 
pins or spring washers ? 

5. Have large washers been fitted to all bolts and nuts resting 
on wood ? 

f). Are all bolts used in the control system burred over ? If 
not, how are they locked ? 

7. TFave all wire eyelets and splicings been properly made, 

and heart thimbles inserted in cable splicings ? 

8. Have all bolts been inserted with their heads upwards or 

forwards ? 

Q. liave all metal parts been suitably treated against cor- 
rosion before assembling ? 

10. Are all welded joints sound ? 

11. Are all joints and pulleys well greased or lubricated ? 

12. I )o all the pulleys run freely ? Are they fitted with guards, 

and set in the direction of pull in the cable ? 

13. ('an all juilleys be easily inspected ? 

14. Do all control cables run clear of structural members? 

15. Are the controls free from backlash ? 

2(). Are any of the ('.ontrol levers subjected to undue initial 
tension ? 

17, Are any brac'ing wires unduly tight, causing undue initial 
tension ? 

(b* — (iKNICRAL. 

1. Are all controls correctly connected? 

2. Do all dimensions agree with the drawings? (dieck spars, 

gauge', of (ittings, bolts, struts, and strength of wire's and 
cables. 

3. What is total wenght of machine (less pilot) ? 

4. What is the position of the centre of gravity of the machine 

(with pilot), as determined by weighing ? 

5. Is tlie control column central with all control surfaces in 

their neutral position ? 

6. Are the following correct : 

Wing angle of incidence ? 

Ihiselage at right angles to wing, horizontally and 
vertically ? 

1'ail unit s(dting to main plane ? 
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7. Is fabric satisfactory, properly attached and doped, 

waterproof, and provided with moisture outlets ? 

8. Is the fuselage provided with water outlets ? 

9. Have precautions been taken (by upholstering the cock- 

pit) to protect the pilot in the event of a crash ? 

10. Is a satisfactory harness fitted ? Does it attach to a main 

member ? Is it sprung ? 

11. Is the launching hook strong and well shaped ? 

12. Is there any possibility of the launching rope catching on 

the skid front or any other member ? 

13. Has provision been made for holding back the machine 

during the launch, and are the loads so imposed properly 
transmitted to the longitudinal members ? 

14. Test all control surfaces for rigidity and torsion. 

15. Oscillate the wing-tip by imparting gentle pushes, and 

time the beats. State number of complete beats per 
minute. 

16. Give a general report on the construction of the complete 

machine. 
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Table 7 

STRENGTH AND WEIGHT OF BIRCH PLYWOOD ^ 


Allowable Stresses 


Tension. Parallel to outer grain 
Across outer grain 
Shear. Across grain of outer ply 

Parallel to grain of outer ply 
At 45° to grain 

Torsional shear of plywood tube 
with outer plies parallel to the 
tube axis ..... 


13,000 Ibs./sq. in. 

6.500 

2.500 „ L, 

2,200 

2,000 ,, ,, 


1,400 


R.R.G. iMcniKics FOR 'Lorsional Shear of Plywood 

Outer ])lies parallel to axis . . 1,150 lb l sq. in. 

,, ,, perpendicular to axis . 1,400 ,, ,, 

,, ,, at 45''' to axis . . 2,500 ,, ,, 

Not(‘ i.-™rhe plywood is glued under pressure, which forces 
the glue into the grain and considerably strengthens 
the ])lies. 

,, 2. '—All the above ligures are for dry plywood. In a wet 

or damp state the strength is greatly reduced. All 
exterior plywood should be protected by varnish. 


Weights [Appyoxiniaie). 


3 'hickness inm. 

0.8 

1 .0 

1-5 

2.0 

2-5 

„ in. 

1/32 

— 

i/i() 

— 

— 

Weight Ib./sq. ft. 

0.145 

0.17 

0.25 

0-34 

0.4 


1/8 

0.48 


s 


^ Enan IcHts carried out by the Author. 
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Table 8 

Extra Flexible Steel Wire Rope for Auto- and Aero- 

Towing 



Minimum 

Breaking 

Strength, 

Cwts. 

Maxinuun 


Weight ot 

Item. 

Diameter. 

Inches. 

Coustnicliuii, 

UK) ft. 

■J.bs. 

4 

5 

.08 

! 

7x7 

I . 1 1 

5 

10 

.12 

7x14 

2.22 

6 

15 

.15 

7 X 19 

, 3-75 

3 

20 

.16 

,, 

! 4-2 

51 

25 

.18 


; 5 X 1 


Table 9 

Sizes and Strengths of Streamline and Swachcd Wires 


! 

Area of Oval. 

Area, of 

I'll iiiuile 

Size. j 

Minimum. 

Maximum. 

Swagcnl 
Fort ion. 
Inches. 

StrengUi. 

Lhs. 

4B.A, . 

.0071 

.0085 

.0085 

1,050 

2 B.A. . 

.0126 

.0142 

.0129 


7 

2 * ' 

.0174 

.0191 

.0174 

2 , (MX) 

¥ 

•0233 

.0250 

,0230 

3 , 45 '> 

i) " 

a'a 

.0314 

•0338 

•0337 

4 ,() 5 () 

r’(f 

.0372 

.0400 

.0391 


1 1 " 

15 U * * 

•0473 

.0508 

•0495 


jU' 

8^ 

.0561 

.0603 

.0590 

8,500 

J " 

.0683 

•0734 

.0721 

10,250 

// 

re 

.0778 

.0836 

•0835 

11,800 

1 r. 

;j 0 • • 

.0921 

.0990 

.099 

13,800 

¥ 

2 

.103 

.1107 

O.II16 


SI '' 

1 (! 

0.139 

— 

0.140 

20,200 

5 ." 

8 

0.168 


O.I713 

24,700 
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Table 10 

High Tensile Steel Wires (Spec. 2. W.i) 


Gauge. 

Diameter in 
Inches. 

1 

Full Strength. 1 

lb. 1 

65% Strengtli. 

lb. 

8 

.160 

1 

3 , 6 oo I 

2,340 

9 

.144 

2,920 

1,900 

10 

. 128 

2,450 

1.590 

II 

.116 

2,130 

1.385 

12 

.104 

1,710 

I, no 

1.1 

.092 

1.340 

870 

14 

.080 

1,070 

696 

15 

.072 

866 

563 

1() 

, 0G4 

720 

468 

17 

. 056 

552 

359 

18 

.048 

405 

, 263 

19 

.040 

282 

i 

183 

1 


Column 4 shows 6 ^% strength of the wire to allow for the 
usual type of end fixings. 
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Duralumin Tube B.E.S.A., .1 ... ! 64,000 70,000 35 , 000 

3jr^4 

Xote I. — The allowable stress of spruce in bending is 5,000 Ibs./sq. in. Note 2. — ^The shear stress of ph’Avood in torsion 
is 1,100 grain parallel to axis, 1,400 perpendicular and 2.500 diagonally. All figures in Ibs./sq. in. (See Table 7.) 
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Table 12 

Conversion of English to Metric Weights, Measures, 


English, 

AND Velocities 

Metric, 

I lb. 

= .4536 kilogrammes. 

I inch 

— 25.3995 millimetres. 

I inch 

= .0253995 metres. 

I foot 

~ .3048 metres. 

I yard 

= .91438 metres. 

I mile 

= 1 . 609 kilometres. 

I square inch 

== 6.4514 square centimetres. 

I square foot 

= .0929 square metres. 

I square yard 

— .8361 square metres. 

I lb. per sq. inch 

= .0007 kilogrammes per square mm 

I cubic inch 

= 16.3862 cubic centimetres. 

I cubic foot 

= .0283 cubic metres. 

I lb. per foot 

= 1.488 kilogrammes per metre. 

I lb. per sq. foot 

= 4.883 kilogrammes per sq. metre. 

I ft. per sec. 

= .3048 metres per sec. 

I mile per hour 

= 1.6093 kilometres per hour. 

Metric. 

English. 

I kilogramme 

= 2 . 20462 lbs. 

I millimetre 

— .03937 inches. 

I centimetre 

= .3937 inches. 

I metre 

= 39 . 3708 inches. 

I metre 

= 3.281 feet. 

I metre 

= 1.094 yards. 

I kilometre 

=1903.633 yards. 

I kilometre 

= .6214 miles. 

I sq. centimetre 

= . 155 sq. inches. 

I sq. metre 

= 10.7643 sq. feet. 

I kg. per metre 

= .672 lbs. per foot. 


I kg. per sq. mm. =1422.28 lbs. per sq. inch. 

I kg. per sq. m. = .2048 lbs. per sq. foot. 

I metre per sec. = 3.281 ft. per sec. 

I kilometre per hr. = .621 mile per hour. 

[Note. — I foot per sec. = .682 mile per hour.) 
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A BBOTT, E. D., Ltd., 123 
Aerofoil, R.A.F. 30, 232 
KA.F. 3^1, 23^ 

Clark YH, 236 
Gottingen 387, 23S 
Gottingen 426, 240 
Gottengen 535, 242 
Gottengen 549, 244 
Characteristics, i6-T() 

Aero-towing, 207-216 
regulations, 252 
Ailerons, 5, 11, 85 
area, 31, 32 
construction of, 133 
differential, 32 
Air brakes, 102 
Airspeed, Ftd., Messrs., 121 
Air-speed indicators, 218 
Airworthiness certificate, insjiector’s 
rei)ort, 254 
regulations, 4 
" Albatross," the, 1 17 
Altimeter, 220 
Alula, 108 

Aluminium, 165, 261 
Anemometer, pressure plate, 219 
rotating cuj), 2 19 
venturi, 218 

Angle of attack, aspect ratio elTect, 
227 

Area, aileron, 31 
elevator, 31, 32 
rudder, 31, 32 
tail, 31 
Ash, 164, 260 

Asix^ct ratio, 20, 22, 35, 229 

effect of on angle of attack, 227 
" Austria," the, i tj 
Auto-towing, 216 
regulations, 248-25 r 

jD.A.C. 7, the, 119 
Barograph, 22 1 
Batten, J. D,, loo 
Baynes, L. K., 123 


Bays, drag, 49 

Bending moment diagrams, 42-46 
moment due to landing loads, 46 
resistance to, 56 

Bending and torsion, combined, 57 
Bewsher, J., iig 

B.G.A. Inspector’s report, 254-256 
Regulations for airworthiness, 4 
Regulations governing aero-towing, 
252 

Regulations governing auto-towing, 
248-251 

Regulations governing mechanical 
launching, 246 
Biplane, 13-14 

Bird form (for sailplane wings), 106- 
110 

Birds, soaring, no 
Brads, 166 
Brakes, air, 102 
Brustmann, Dr., 10 1 
Jiulkheads, 74, 78 

pABLE, towing, 208 
^ Cables, 88, 167 
Casein (see cement) 

Cement, 165 

Centre of gravity, 32-34 
pressure, 33-34 
pressure movement, 17 
Cloud flying, 198 
Cloudcraft Glider Co., 121 
Coefficient of lift, 16 
Compass, 220 

Conditions of loading, explanation 
<d, 5 

Contour soaring, 192 
Control cable connection, 157 
column, 89, 158 
rudder, iGo 

surfaces, size of, 30-32 
system, 157-162 
system loads, 12, 87 
wheel, 159-160 
Convection soaring, 192 
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■' r)ARMSTADT II.” the, 114 
^ Diagrams, bending moment, 
44-46 

load, 46-47 
rib load, 59 
Dibovsky, Capt., 99 
Dihedral, 37 

Dive, limiting velocity, 6~io, 50, 51 
pull-out of, lO-II 
Dope, 135, 166 
Drag, bays, 49 

bracing (tail-plane), 85 
coefficient, fuselage and tail, 8, 34- 

36 

induced, 17, 35, 36, 225 
loads, 49 

profile, 17, 18, 36, 225, 230 
Dunstable, 173 
Duralumin, 165, 261 
Dynamic flight, 191, 20T 
Dyott, Squadron-Leader G. M., 196 * 

gLASTIC, launching, 177, 180 
Elevator, area, 31 
attachment fitting, 154 
loads, 8-10 
Elevators, 1 42-144 
Empennage, 1 42-1 44 
End effect, 40, 48 
End load, 47, 48, 66 

pABRIC, 135, 166 
tension, 59 
Factors, loading, 3-5 
loading, American, S, 1 1 
" Fafnir,” the, 116 
Fin, 144 
Fittings, 89 

construction of, 145-15 7 
elevator attachment, 154 
leading-edge /fuselage, 147 
skid attachment and launching 
hook, 153 

spar connection, 90, 148-150 
spar /fuselage connection, 92, 146 
strut end, 15 1 
strut /fuselage, 152 
strut /spar, 152 
tail unit, 153-155 
Flapping wing machines, 98-102 
Fuselage, 4, 5, 10 

and tail, drag coefficient, 8 
construction of, 136-140 
centre of gravity of, 33 
cross-section of, 29 
drag, 34-36 


Fuselage, girder, 138 
main Lame, 76, 137 
monocoque, 136 
shape, 26-30 
types, 71 
weight, 15 

(TJENERAL arrangement of sai!> 
plane, 36-37 

Georgii, Dr. W., 199, 202 
Gliding angle, best, 39 
Glue, 165 
Groenhoff, 199 

pTiLL soaring, 192 
Hinges, 154, 155 
Hook, launching, 153 
Hurtigg, 203 

I INCIDENCE, angle of, 34-36 
Induced drag, 17, 35, 36 
component, 225 
theory of, 225 

Inspector’s report, B.G.A., 254-256 
Instruments, 218-221 
provision for, 30 
Inverted flight, 68 

JOINTS, spliced, in timber, 167 

I^AKADU,” the, 114 
King-posts, 88 
construction of, 155-156 
Kronfeld, R., 113, 117, 199 
Kupper, Dr,, 97, 117 

r ACHMANN, Dr., 14, 15 

Lanchester, Dr. F. W., 195, 202, 
204 

Landing, 176, 188 
gear, 4, 10, ii 
load, 46, 68 
speed, 28 

Launching, 176, 178-181 
elastic, 167 
hook, 153 
mechanical, 182 

Leading-edge, construction of, 131 
Ifift coefficient, 16 
drag ratio, 16 
struts, 60 

Lippiscli, Herr A., 15, 22, 98, 202 
Load, diagrams, rib, 59 
tail, 6-10 

on main plane, curve for, 40-41 
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Loading, factors of, 3, 5, y 
nett, 41 

Loads, control system, 12 
distribution of, 50 
drag, ^9 

London Gliding Club, 173 
Longerons, construction of, 138 
design of, 73 
" Liiftikus," the, 115 

jyjAlN plane calculations, 60 
construction, 127 
loading during take-off, iSi 
ribs, 57 

spars, sti’cngth of, 56 
Main planes, factors of loading, 4, i 
load curve, 40-41 
plan form, 19-22 

Materials of ct)nstructioii, i()3-i()7 
weight and strengtli table, 20o-2(j] 
Mechanical launching, 182 
regulations, 24G-247 
Moment curve, 8 
Monococpie fuselage, 71, 77-79 
Multi-aerofoil, 110 
Multi-slots, 104-109 

JS^KHRING, i()9 

Nose divi‘, terminal velocity, (>- 
10. 50, 51 

Q RN rr H (.) FT L KS, 98 - 1 02 
(Oscillation of wings, 24 

J^LDALS, rudder, i()i 
1 Performance, 37“3<) 

“ I’hantoin," the, 1 21 
Pins, connecting, 147 
attachment, 130 
Plywood, I (> 4 , 2 ()C) 

birch, strength and weight tables, 

L 57 

l’ola.r curve, 8, 34-35 
" Power " factor, 17 
Prandtl, Dr., 102 
“ Professor," the, 113 
Prolllc drag, 17, 18, 39, 225, 230 

D PLEASES, automatic, 179 
Co., 1 1 7, 1 19 

K.E.I). sailplane, the, 119 
Ribs, main plane, construction of, 
129 

main plane, load curve, 58 
main plane, load diagrams, 59 


Ribs, main plane, spacing, 57 
tail plane, 85 

R.R.G. strengt'h regulations, 5 
Rudder, 10, 85 
area, 31 

construction of, 144 
control, 160 
factor of loading, 4, 5, 

" Rhonadlcr," the, 115 

QAILING flight, icji 

" Schloss Mainberg," the, 1x4 
" Scud," the, 123 
Secondary failure, 48“4(g 69 
Sempill, the Master of, " Foreword " 
Scsquiplanc, 14 • 

Shear forces, 47, 48 
load, horizontal, 48 
I resistance to, 57 
1 Sinking speed, 22, 38 
! Site, dimensions, 173 
j for distance flights, 176 

j soaring, 171-177 

j Skid attachment fittings, 153 
lam ling, 79, 137, 140 
tail, 37, 80, 141 
Slots, multi-, 104-106 
I Slotted wings, 103 
, Soaring, iS 9 
! convection, 193 

I hill or contour, 192 

I methods of, 191 

j storm, 201 

I Spar arrangement, 52, 53 
' secondary, 52, 53 

j sections, 53-54 

I ' ■ ’ icetions, 54 

’ J, ^ . JjJ 

I load distribution, 50 

' main plane, strength of, 56 

j tail plane and elevator, 83 

I the main, 128 

I two-spar wings, 51, 52 

Speed’ clfcct (towed llight), 215 
landing, 28, 37 
minimum, 28 
of flight, 187 
optimum, 39 
sinking, 22, 38, 39 
stalling, 37 
Spliced joints, 167 
Spruce, 164, 260 

struts, limiting stress, 263 
Stalling speed, 37 
Steel, 165 

sheet, bar and tubes, 260 



268 


INDEX 


Steel, struts, limiting stress, 263 
wire rope lor towing, 258 
Storm soaring, 201 

Starkenburg,” tlie, 114 
Streamline bodies, 30 
Strength regulations, R.R.G., 5 
requirements, 3 
Strut-end fittings, 15 1 
Strut, vertical, fuselage, 74 
Struts, bulkhead, 75 
lift, 60, 68--70 
lift, construction of, 135 
position of, 25 
spruce, lirniting stress, 263 
steel, limiting stress, 263 
Support reactions, 46-47 

T AIL area, 31 
load, 6-10 
loadings, 81 

plane and elevator spars, 83 
planes, factors of loading, 4, 5, 8 
skid, 37, 80, 141 
unit, 142-144 
unit fittings, 153-155 
unit types, 81 
Tailless sailplanes, 95-98 
Taking-off, 182 

and climbing (towed flight), 209 
main plane loading, 18 1 
Tapered wings, 20-21, 41, 43, 47 
Terminal velocity dive, 6-11 
“ Tern,” the, 12 1 
Torsion and bending, 57 
Torsion device, 53 
maximum, 8 
resistance to, 57 


Torsion tube, 51, 52, 03 
Towed flight, aci*odynainic forces, 210 
sailplane, 208 

Towing, aero- and auto-, 207-217 
aeroplane and apparatus, 207 
Tailing-edge, construction of, 13 1 
Turning, 1S5 

YARIOMETKK, 220 
Varnish, 135 

"U^ALKER, Sir Cliiberl, 20^ 
Wash-in, 23 
Wash-out, 23 
Weight, fuselage, 15 
wing, i^, 21 

Weights of main units, np-K) 

" Westpreusscn,” the, i i.| 

Wheel chassis, 80 
” Wien,” the, T13 
Wind roses, 172 

Winds, direction and velocity, 171 
Wing, centre of gravity, 33 
loading, 16 
position, 32-34 
weight, 14, 21 

Wing-tip, construction of, 132 
effect, 40, 48 

Wings, braced or cantilever, 23 
oscillation of, 24 
tapered, 20-21, 43, 

Wire rope, steel, for towing, 258 
Wires, 167 

high tensile steel, table, 259 
1 streamline and swaged, sizes and 
strengths, 258 
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